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Abstract.
u~illg dellteriulll Ni\III. t\ 1111.11)(' for ,11'ull'riUIH NMH ~llltlil~ uf surt 11I'llt'rii.b \\";,~
constructed 10 o]Jcriltl' III pl'\~!lllrC'li Ill' to ~,i kllilr. TIlt' rt~I'UllSt' or 111" hilil,\'!'r lu
llydrostiliic pressure \Vas fOlllllllo Ill' hiJ!,h1y 'lIIiSt.llmpil· ill IlwI I.11l' hila,\'I'r I_hil'kll'~~
\\'''~ obscrvcl!lo iucrcilst' 1114 \.Il\' IIn"SSlIf(' \V'IS rllisl',I. Fl"llitl l.11l' 1"ll1l,,'r,11111'1' "11,1
pr<"!ISlll"l~ dC~llcndr.I1':c: of till' Iii'll\. ~llt'd,r,,1 11101t1<'lll~ ill Ill'rol"'11 1'l"i,I,'.1 I)~II '(~. il II'il~
concludcJ thnt the clT<.'(t of lI.'1111lC'r1l11lr,~ on ar'-I[ I"'r lil,i.1 ,1".'w'lso,,1 Il'illl l'n'S.~III'O',
The main transition ill DM Pr:.d~. lV"s l111illyl,c,,1 ill t"tlIl~ uf a 1.'lIl<lall.l.\'p" h-,,,'
energy model. In allother lK'riC"ll of cXlwriml'lIts lilli,1 III'.tolll;rtllIlll4 W"ft' fuult'l 10 till
Iw:r lipid molccule ill the hilllyt'r. EXI)('ril1wIIL~ 'I'lli'll' ll'IIIIN'Tillllr,' WilS ""Hi,,,1 'Itltiv,l.
1'11111 low f1rcs.'1I1~ Iccllo lilt, conclusion lhilt tl ... II,·/:,Ip;ruup rt'SIMlIlSl' l" t,'mIM'rill tlr.'
collsish of t\\'o c1fccLs· II 1II.'IItlgroufl till lllld ;. tt'l11IK'ralnrl'.il1<lnl1,.II1Il'tllyl'·lI" dis·
order. In a study of l)Crtlelltt.'tll.t~1 ULI'C high Ilrt~~nl"l' was fnllll.1 lu r,'lI1"\'" tilt'
overlap between the l1I/lin ami lhc lluhlrallsitillll aliI I tIl rt.~t11ll ill ll1l' 111'IN'ilr,llt"l~ or
a true gel phase helow the li<lllid cryNlaHine 1'11i~~1" '1'111' It/I'.' l"Ullwrallir" "1111 tor
the liqui(1 cryNlllllinr. r,ll1lllt:~ WllN round to IN! dillniuall'li hy lIlI il1l"rH."I''l'1I11lt onll'r·
'Whentcmperalure \\'a.~ lowel'ed, lIle sYNlf~1l1 WilN IIhNt~rv,:tll(J plIs.'111lrtJllv,h lilt' liqllid
t:ry~t;ollilH' philSl', II 1'(Js.~il,ly ill1c'rtlill;iliited philSl', H pllilse tlw!. lIIill;hl. rellee! domi-
lI~d"i,," I,y ill!."l'IIlol':flllar '""I"!'dH1.iOtl~. l"Il11l1'r 1IIMI dlHili orfl"I", HUrl" hill;hly Ord"l'l'd
,"ry"~I.;,llillt~ IJII;OSl:. (:IJUI,'!'l.<'rol ill i! 1)1'1'(: llll'lllhr;rtll' \\';,~ fonnd to n',l,!!'" 1.111' ,·11',,"1 S
,,r hy,II'U~I./l!.iI: 1't"'I;'~III"l' "II lIl1' lllf'IlII'HlII(: ill III': St.'llse I,hat, ~,sidr: [1'0111 till' pressure-
illll'II",·,II'·llllu·rtltllw"~hirl. I Ill' Illlll,i"ul l,r"SS'II'" I'ha~,' h('lliwiOllr lVil~ t"('("irt<-"I ('\"('11
ill. :!.:! 1>1",r" No l'Vi'!"III"" was ("IlIl,lt" ~lIAA"~( 1hHt the posi1 iOlling of till' dloleslcrol
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·1.1 Some th('rl1lofl.\'lHllllic- lUlll phf'lItlltlt'1\"lo~it'I,1 1'00rill1l,'lt'\'!l r"r 1)~11'('
at 111llhit'lil pn'.~~III'f· <llltl 1..'; kl);II·.
,;
List of Figures
I.~ i\,lu,Jd or illl isolatr'rl ntoleCIII(!or I)J.J)(~. (l'1'o,lllI'cll hy CI-,!'ills 2.)
~.[ Z"1'1I1iln lind qniHI1'n)lole splilling or till' gl'Oulid Ir'n'! ill 1\ Spill Oll!'
IJlI('kll.~.
2.1 SW'!'l1'ill rllnf"1.l01l r(.x) rOI" illlllxiillly.\\,llIllwl1'il:l1Iol.ioll.
:1.1 Ilighpl"!'sslIl"l'prol>l'.
:I.:'! lIi~h Pll'.~~lIr(~ dWlllher.
:1.-1 Sdll~rtlill.k diav,l'1l1ll ur t.ht:' high PI"!'SSllrC {'lllIiplllI'nl..
I!J
2!J
.1.1 1}jI..1I'C'II.~4 s)Jl:d.l'il llf"(lllud the IWli1l l,ran~iLion (a) mid ilround till'
SUlltl'111lsitioll (h) ill. ambil~rtL prC1\~IIT(' (Icrq lind at I.G khll1' (righl.). ·10
·1.2 IH.-1PC./Ir..1 flrsl mOlllell!.s \'S. l.cmpcratllTl.' at 1l11lbicnt PI'CSSllrC (dl"
dl's) /lurl at I.f) kbar (diamonds). The ill\'crh~d triilllgk-s Hhow a
."II'(·UlHI I-'xpl'rillll-'Ilt at ,1111bicllt prcssul"t:'. ,11
·1.:1 IlMP(:'IIr._1 aV/'ri'lgl~ dllliJl extension per l11elllylr't1e V~. tempel'illure
al illUhi('lIl pn'ssurc {circles) ilnrl III I.G khar (diatnollrl~). .12
·1..1 IHo.lI'C.dr.'l inw'1'l:;(' methyll:llc extension \'~. tellll)eratnrc at /lfllbienl
pn~Sllre (I'in;ks) all{1 al. 1.li khar (dilllHonds). The !;Olid lillC i~ the
l11m1l-1 equation of slale ror ,,+=0.0:10:10 alld 'Ii- = 1!1.25G C at amhienl
pl'I'ssun' (Sl.,(~ sl'cHon 4.'1). Tile dllshcd line is the model cqulllioll of
Slilll' for .~+=O,O.'iOG,'j lind 1i- "'" ·18.:li°c.: at 1.6 khar,
vii
.'III
-1.5 IJi\II'('-tl.:I-I ~"I'i'lra .11 rOllsl.1UI It-mlN'ralun' r\lr '.!;IO(', :\:"1°(' 011\\1 .1:1°('.
PrPS.~llrr ill kbnr i" "hown Iwxl IUl'ndl "IK'i·lrlllll.
·I.G 1)i\IPC·d,,,, fir!ll spl'i·lrlllmOlIWlIl.'l \.". Ilrl'l<Srrn' al :!:IO('I.I;IlIIltIl1,L~).
,I.i lJ:\H'C·tIM an'rilSt' dl1lin \'XI('IIS;OIl \lI'r lm'lhyJ,'m- \'1I. I'r.'S.~,Ut' al
25°C (lilllllolltls),:t:,oC (rirrl"s)illlll 1;;°(' (irr\<I'l"lt',1 ll'i illll-:l,.,.). BI
,I.!J l)(\,'IPC-t!M Al, YS, 1I1"{'!\SUfl' illUI1l·1H11l'1'11111l'I .. 0\1 1 ill ,,11"\\'11 ill S·-I :.,
region. Thl' dllsh-t1olll'fl line shows lIn'i'\llllLr;lII"ili"lI.
4.10 I)MPC~dM order IH\Ti\ll1plrr.~ '=' ((I)-I - (I,.)-'l/(f,.)-' \'i'\, 1"1I1''''ri''
lure ilt ambient l,rf'S.111rC IcirclClf) nmll.li klmr (,linllltJlI,I.'l). :,:1
,1.1 I Tcmperaturc Vct'!lU" :1((... -"+)/"+)" +((.~ _"+1/"+13 ..l illlll.i"llll'r,,,,·
.'lurc (circlcs) ~1It1 1.6 khar (tliamoll(b).
,1.12 rJMPC-lIM order lJ.'l.ralllr:L<:r ,. ;= ((Ir l - (q-'l/(q-l Yi'\. pfl'SStH"I'
at 25°C (dillmond~)_ :l50 (: (eirel(':'!) allil ,,:,oC (iIlYI'rll'fllriitll~II's). [Hi
,1.1:1 Pressure versus «",-"",)/"+f' 11101 ill ~jO(; (,lii'IIIIImls), (."joe: (..in·I.",)





:l.:! !J[,['(:-d.,,, lil'sl. ~l"·"l ..al InOllll'llls \·S. IPllIPI'l'lIIIIf": !'Imlillg fa) ill
Mnl!i'·Jll pn>:;slIl'l' (sl!lill l'irdt:s) iliitl "I 1.:1 kbitr (solid ,lilltlltJllrls): (h)
J.!l kl>ilr .'iI:"oll,1 c()oling S"oll (.~()Ii,] ,liilllll'll<ls) illI,l <I 1"'<lLing sran
("llJpl.y S'I'IIII'l'S), TIle illSd 1" (a) sllml's JIl, ill, 111/' Ira)lsitioll rot"
slIn' (,.ird,>:;" 11.:1:1 khal' (Sqllill~'S). 1.1 khnr (Lriallgll's). 1,(if) khn!' (di.
illllOll,ls) IIlltl :!.:!I kh,,1' (iU\·,·rtl',llri<lllgl".~). '1'111' solid SYlllhols n:.sIlIL
fl'uln 1lIIIIl'alillg or I Ill' spll'lI1 afl"r If'mp"fill-lire cYf'lill~ (s,~' (('x1.). Ii;
:1.·] IlLI'C-lI·d" '~Il{','lril ilt sl'k'!'je,II"lHp,'ral,t1l"f's: (iI) ilIlIhi('IIL prl'SSIIrl':
(h) I}) kl!al".
:1.:' MC'IIII l,r'IlI.~\"I·rs<, n'I'lxlllioll1.illlcf;." for 1)1.1'('-(\·"-, (a) alld lirsl SI)(,I"-
pI'C's.slIl'l'(cil"d('s) 1111<] I.:, klJ<11'(diilllltltlfls).
:J.fi 1)1.1'<:.11.11: IlIdhyl spli(.l.ings ilS It fl111d.ioll of Lell1pefill.ttrc ilL I.G khilr. ;:1
:1.7 DLI'( :·d,\O: first Spf'!'( nd mOIllCllls as it rllllclioJl or 1.1'ltlpCrnl.url' (i1) aL
,llllhit'llt pn'SS\t1"I· (ril"cks) l\llll aI, l.r; khar lit pIiISI' sl'pilm1.ion of :l!'j
/IS (di<llllllllds). :W ps (solid ifllwled triang]es) /lnd I'Xll'llpoli\1.l'd lu
ZI'1'O Ilul.,,· .~c'pllr;lliOil (1'lllp1.y iUl'I'rl('d 1.l'iilllp;k·.,).
Ii. I Sl.rllrl,lIf'· of plt{).~pltiltiflykholint'!tl:ildgrolljl.
(i.~ 1)1'111.''filltll Ni'I'IR SIll'drilOf 1)1\'[['(:·"_1 (i1) llnd I)I'P(:-I[I:, (Il) ill, GSoC
1111(1 (lilfl'fI'l1l pn'ssllrcs. PrCSS\lfl~ is indica1.ed ill kbnr next to cach
fl.;1 (:ltolilll'<l (t'irdc'S) alld rJ (diilrllollds) splillings as iI fl1l1ctiotl ofr)l"('S>
Slll'l' fllf Hall'e (soli,1 srtllbol~) autl ])1'['(.' (opl'lI symhols) ilL fiij"C. .sa
ix
Ii';) F;I'~1 slwrl,ralIIHlIIH'lll~ \'~. l'n'."'s'11"I' r"1" 1).\11'('-,"" l,ti,'llh'II,lsl illl,1
O.(i (:!lolill" d(~"d) n, fl (J.",,) Sl'lillill~S rOll" t)~11'(""1 (,,,,,li,1 ,jii'lIh>ll,lsl
;llId 1>1'11<: (OIH'll cil"d,.,.j.
O.i Cholilll' d('IIIl'l"illlll N~IH ~1,('l"Ira r(JT I>~II'{'-dl <IS i' rl1l1l'li"n "I" 10'111
pf'1"ilI.1II"l' ill illllhil'1I1 p1""S~III"l' (n) alld:.: 1.'1 klJill" (I,).
fUi IJ~11'( :-tl'l fI (I·il',.["~) ,Illd ,j (di,llllllll,I~)split 1ill).\~ ;l~ " [lIwl i,," ,,1'1"111
pt'l"alllrl' 011. illnl.i('ll1.I'l"l'SSIll"" (suli,1 1<,\'lIlbols) ,1ll11 nl I':) khar I"pl'n
s)'lllllols),
(a) all,l I khar (h).
7.2 DPPC-dn~ firsl, llI(1ll1l~lIls v,''', 1I'1111,,'rOlI.III"1· "I 1I1I1I.i'·1I1 I'n'1<srtro' f"jl
!Ill
des), 1,00 kb"l' (i1l\wll~llll'i'lIl~I<"... ) ,'lid '.!.:!lI kl'i"· (r1iilIIlUIIlls). !I(i
T.:! f)(lP(:.r!1i'j repl'l's,'nl"t,ivl'sl'('c!r<' "I::!.:! klli'l". !tT
TA 'l'rnllsiliollS ill till' pn'SSIITI'!I.I'lII!lI'l·allll'<' pllilS<' Spil...· (Jr 111'1'1' I·;x
l'erillJ('rrlaIIJOilll.s arf' sllown wit,1I I.riilllgh's Illlilll.illp; ill 111l' ,lin"'li"11
or Lire rlrillige ill 1I1(' ("{ll"I"l'spolidinp; 1';11",1111('11'1". TIll' s"lid Iiiit' is III<'
main tran~i\.ion. Th" indivillllHI tl"llllsi\.ioliS ,l1"I' SlHl\\'ll wil,II ;,slnisl,s. !IK
j}j I>I'PC·(I,;~spedm ,IS 11 rlllll"liOIl Ill' prl'sslll"- ill. 11°f: itlld ,I.'j"f:. 1'I"l'~~lIn'
is iudiciltell in kbnr lIexl IOl'adl slwllrlllll.
i,G nrp(~·(l,;~ jIll itS it [ulld iOIl of Iln'ssun' ill 0°(: (,li"III'm,l.... j illl,1 ,1'1"('
(cirdes),
was deerenH'lltell ill slcJl~ of 0.11 klmr.
lOB
.1111
7,X 1("l'n~I'rlt;,tiv,:,I"lll,:ri'lrn N:\Ill. "'jJc',:1 p, in U,t· I',lrilllis DI'P(: P],;lS,·S
'. ,.", "" lUI
i,!! 11"pn:~;('"l,i,ti\""lt",tl'l'ilJll' N:\IH sl"'l'lr;, "f::!1'i,;j mol 'i(, rhol,');lc'r,,1 ill
IJl'I'C',}"'l ilt illlll,i,~Jjt Ilrl'SSllrl~ (ll,rl) ilud 1 kh;n (right), ""'" IW!
i, IU Fir~l SfJ",'tl'l1llllotll"IIL.~ for pUrl' DI'I'(""';'l (solill s)'llIIJOls) lWei l8}j lIlo1 %
d,o],'sll'nll ill 1)1'1'( :.,1"1 ("j)('ll s\'lllll('r.~l ill ill1lllil'lll jH'PSSlI1'C' (cirdl'S),
I kll;lr (,liiullon,(s) Hntl 2,2 khat' (l.ri1tll~h) (2, I k:lar for L!lI' mixture), 110
7,11 Ikprl'St"'III,"ti\'l' ,1"lIlniufIl N :\llf .~IJ('c1 ra IJf 18,5 fIIol'/" fholl's\croJ ill
1lI'I'(:"I';2 al 2.1 kl,ar a,~ 1.11(' ("IIIIl,'rallln' W<lS I'ari,~l (a) lind ,,1. ,l(J"(:
M; 1.11<' Ilrt'SSllrl' II'iIS I'ari,'cl (b), ['n'sSlIrt' is SIIUII'Il ill kl"u Iwxt 10 ,'adl
Sjll,,'ttlllll, , ,III
i,I2 First sp"l'lr;,1 IIIOIII('lllsillld I rallSI'I'I'S" r!dilxiltiOlllillw,s. 'J''l" oflI'Ui 11101 'It,
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Lipids rOlistitlll!' 01H' ur til(' rn,ljol" da,,"'" of hiolop;j,..,Uy illl\I\lI'lalll. ur~alli,'
l1IoleCllll'~' Tiley I'Ol'lli lli,! ("('lIlral archill'clul"lll (l'ill,IIl"(' of hi"ll)~iral lIlt'llllol'i1III'S,
lhe lipid hilH.'yl'r II.'J], TIll' 11Il'mbl'all(' lipids ill p;t'lwrill hal't'iltl HlIll'hil'hili.. s1.l'1w,
L1II"t', Tlw hydrollhilic ]lilrl. is Ilol'lIlnlly II IKllm' P;1"nUII jdlilr,l!,l'fl 01' l.wil,I"rillllir) illld
llll' hydrophohic flart. is aliptrll\.ir,
Among alllilli,l f<llllili{'s, plrosllholipirls hifw' Ill~'11 sllh.iI~"I. lu LIlt' 1I11'sl, iull'lIs,'
sCI'lI\.illyand itl'Cfll'I'SClllly Ill'st. II1ltlp1'1'lu()tl, 'nit· ro!<'n(1.III'plu"'111Ullillifl", If,. t'Slit'lll.inl
ItICl1llmtllCC(lIllIKlI1Clll..• i~ attrihlltl'd 1.0 Ull'ir lyutrupit· Iwhill'iur, i,f'., 10 1.1l1·il"llltili1..v
(0 spontal1collsly fOl'm hililyl'l' 1111'SopI111,""S \\,h('l1 tlispl'l"sl'll ill 1\'1Itf'I' p, :\·71. This
hehaviour i.s drivell by lht' so called hyf1,YJ/lh"f,if' illlt.,."disJII.s. (:t~l1t1f'1.ri,· fad."rs.
1'l'lIccling I.he rdlllivc ."ixf' of the polar n'l;itJlI (lwlul~r()lIfll II lid I.IIf' hydrupllolli,'
regioll (Iilils), as well as L!reIlcgn:(!of hydl'1lt.iOlI. Ill'It'nllilwt!1P l.Yl'l'urliqllitl nysl.;l.1
aggregates fort11l~1 Pl.
1.1 Description and classification
Phospllolipius (Hspl1\Y Hridl Iliw:rsity of Illl;rS\'s HS It'IIIP':l"ifl.lIl'f' (1,lu'r1IIfJI,I"lJJ,ir'llws"
morphism) or l1ytlrn1ioll (lyotropic lIH'sol11orpllislI1) i~ varit'fJ. II rlll1nl,,'!" uf lilliit'll;,!
(I" Pl, hcxagollnl (//). clIbil;(Q) ilud uySlilllilll: (L') plJas<~ hllVl' IJI~'II irll·utilir.r. A
popular and r.omprdlt:llsil't! IlcsCrllltio!1 of lll("sl~ phRM~~ llils IWI'!I Pl'f>!llls(,d IJy I,lIz,
l.illi (8], although II coltlplctc: amI ll11ifil~d 1I11111eltt:!alll]"(: is t:llrl'I!lIl1y 1If/1. i1Vililill,!<"
'I'II'~ Vilriolls lipid m.:sHfllla....~ ill I.u:tl!ati's nutation arc <lcscrilK..-d 1Il' a Latin lelter
<>11 lIl.' l)<Lsili of lheir ~f.:IlI,t11llopology and &ooUlclry, with a luw.cripl. sllccifyillg lhe











II -llormal (partially ordered gcll
'f -tilb:..] (pIHlially or{l('rt~1 gel)
h -helical
-CI')'1I11lIlilJ<:
Stahle IIJliLo.;(~ for l'hm]lholipids wilh two lLydronlrholi diains are IL~ually lamellar
[II-II) or, for Iipi,llI \Vi1.11 II lI111l\lkr h('aclgrollll 111), hcxagolllli.
1'!ulSl,llOlil'idJl Ila ...e a Ilhosphalc group as parI of their polar hcadgroup. A
major family of uII:lIIlmlllC lipills is the &1.~..rrophO!lpllolil)id~. The fOCIIlI of lhe
]lfl'l;('llt. work i" 1a'll<'1y <)n lI;lY~rorohospholipicb. '111.'ir sruerll.1 ~lrllctntl: ill<'lnt!t"'"1'l
lwo IInllllOlllr ll:ydtu<'nrl)(J1l r1ll'lins, l':!Itt'rincd lor ctllcrified) 10 II ~l.rcerol (oftcli rllllcd
111I' Imckl)olIl·). ((I whidl II ]Ih~"hll.tcgroul' ill al!SO C!llcrificd, IIsually lit. position 3'.
'I'h'·I,hosl,lml<.', in tUfll, is ''lllerifir.d lo an alcohol. A \1;"ry common IlIcmllranclipid
r1ass, tIll' ]Illtmphlltidykhulilles, has 11 cholillc gl'oup attached to I.h(' [Ihosphatc.
The phospholipi\1 hy,lnlCI,rlJoli <'haills arc r{~idlll'5()f estcrified faU}' acids. These'
faUx ;)ciJlI~'sid\ll:S 1111\,\' hI' slltumLt'd 01' ll11§al,llrall'll. Saturated (alk}'I) dlaill~ con·
Lllill 110 dou!>I,' bOllds.
I'llt.lSpholipids \\'ilh OlU'C1r twoSiltllrate<lchains arcubiquilotls inlllllgs11rfildants
111111 ill n'lI111clllhtillles. Tallie 1.2 lists Silturillc(] falLy acids associated with the
Cltllpler 1. PllospllOlipid:;













The complete uames of lhe phospll(Jlipid... flf(' fOrlllC',[ !f}' I'r'·.·.·dill,e: Hie" I~lt'k·
IKlIlC namc wiLh the lliUlll'll of \.IIC dlains lIud nplI'·lHlillJ.; llll' h"llllp;nllll' lHum'
al the end. Dill' t'x;llnplc ul' A ,liac"ll,hoSlllt"lipid i~ 1,:l-llill.,llllit"}'I·~II·I!:I,,,·,·IU·
:l-phOljpllali"ykholille (DIlI'e). Thi~ lipid. ahlllJtlilul hi 11l1'mhrallf'S :,"11 '"Irr;...
taills. has a g!Y«'f01 hnckoollc, hro p;\!lIIiti.- chair~.. ilml a I'h'~lJh,,,,yldmlilll'
he/l,I!:roup. '1'!Ie stmcLIITI' or the 12 c.. rhon 1""IIOI,~ 1.~-lliIallr••.vl·.~II-,;ly.·o·rn·:I·
phosphatid)'lcholinc (DLI'e). is shUll{n ill I·'igllrc 1.1. Figllrt' 1.2 illll:<Ir..lo~ tl ... 1111'
proximaLe or1cnLation of the \...riOllS llilrls or all i1'lol1l1n1 1>1.11(: 111,,11'1:1111' (pr'lfllln~1
hyCl'rius-2).
Phospholillids arc l1u~ major COllljKllICllb, of n'll 1lI0'lIlhrIUII'!l. 'I'hc'y pl:,y :UI :If'tin'
role in cell divisiotilltlll fusion, p,trclo- ~t111 ('l«(lf"yI1J1'Ii~, lrnusllorl, 1'1,0·, 1'Ir(ISI,1rlllillill~
determine Lire passil'e hdllWiOllt· or lire llIC'Inl)rlllll' l1rlrllll:I'V,' II~ 11 ~l.l"1ldllr,·,1 s"lv"lll
for em:ymes, chanllcl~ lind olllc]" fUlictiolial IlwlIlhr:I/)I1 CUl1ll'lJlwuls.
Another Iillid disclls!lcd ill lhis work, is dlulesi..~rul. '1'111: dl;,I('skrul 11l'11':I:IIII~
consisls of II rigid sterol core, composed of fuur fu",,1 hytllCJf'lIrll<111 rinAs, willi I,









FjAur.' 1.1: Strlldlll'f' of 01.1'1: f\lHl rhol~l('roL
:1 (Ji~lIrf' 1.1). TIM' moll-cuM' iii iUlIllhiphilic. hut chok:slcrol form!! li'luid cry!lal
1I11'StIJlhilSl'llI11Urc' TNllily in rol1lhillil~ioll with 1,IJO!jIJholil,ids tllllllOIl jL~ own. CltoIeI-
u'ful I'lay:< a n'ry illll)()flllill roll-' in CllkA.ryotk cC'lI t;fU\\'llt ilUtl iii .. INO II pr~ur.lOr
Itl .. 1IIIIIIIII'f of 110rl1lOlIl":; and hill' saiL'!. It i~ found ill the Ilho!:lpholipid array of
plaSlIIa IlWmhrillll'!l of 1I\olll 1tIil-lIllllaliilll (:dls. wh('J1,' it PMliriflilh.'!l ill fcgllialiug
1.2 Lipid bilnycrs
'l'ln·tliarylphosllllillidylt·IIOlilil'S (IJiaqllICs) ill Willer fOrll1 fI 11IIIllbCl'ofIlWSophl1llC!ll.
i\ rullll1l<Jtl f,'allln'of !lII'St' is lIlt.' phUllI,holipid bilayer, formcdsl'ontlllK'Olls1y by the
di!lIM'flIioll ill \\,1\1('1" of dim'rlPe!! with morc thlln 10 (111"1,0115 in tlwir hydroCiHholl
Chapler J. P/IO$p/lOli/lir/s
FiJ;ure 1.:.:!: ~Iodcl of nil isolaled 11Ioh't'1l11' of 1)],1'(:. (]'ro..lll(",'d Ii.l' (:I'l'irr.~ ~.)
chains. Dry plu~pholipids flrc rrystallilll~ (1:1]. hut 111l111.iI!i1ay,,·rs [uflll "Vl'lI at vpry
low levels of hydration. The ll1ol('c:lIlt'S in It IJilnyl'r' ,Hr' ur.l;Hllitor ...1 sud, Ihnl. l.1lt'
hydrorarhon chains of I'M:h llloliolaycr ar(' par.dl"1 1111<1 forlll till' hydruplloltir' I'l'.t!;ioll
of the monolayer, whil(~ 1.h<.' polHr l!C'iHIWlHlPS lil'in 11. llifr''I'''fll, piau!'. forllrillA 1.111'
hydl'Ophilic surfncc ofllu'1110flolayel', 'I'WllllloIIOliIY"l'S orir'nl with 1I1I'il' lr.y,Jn,plr"l,i,·
fa<:cs towards ClIch otlll:r 1.0 forlll the phospholipid bilay,'r. IliIHYl'r.~ aI'!' ~"IHlr.. t,·,1
hy lhe water suhphaSl'. At higher k'vd~ of lr)'drilliolr till' lI11rltilJilil'y"I'S urV.Hllitol'
in larger closed sl,rl1ctllf(~S cflll(~d liplJ!iOllir'S, '1'111' lit!,kr "n' Vl'sindiJI" ilj!J\l""I.;;ltl'S
which may COlltnin olle or mallY lJilayl'fs iIIld l1iJwa wiI.ll'r slrlJpllilSl' "lwl"s,...1ill 1.11"
vesicle. TiiC single bilayer lipo!j(l1IleS af(~ c'III,'.. llIIrilallldhrr v"'sio:!l'S (lll,V) ,111,1 iln:
usually produccd by sonimtioll of the IipitljwHb:r s!lSp"nsilJlI, wlrill~ "ht, 11i1iItil,ilil)'pr
(:Im/"I:r I. T'luJS"IHJ1il'ids
of tl!l~ llililyl'r, Lllollgh, i~ ~1I1;dl rollll"lart~ll tu t.11l' 1.iw of l:illll'r.
'J'11l~ thflrllIuLropk Iw1lavjuur of dilleyl PCi'< is lIontinllll'll by tlw stalt· or their
I'llosphulipid rlillill.<;. AL low tl'llljlpratllrl'S, Llw hrtlrocmboll dlllill~ an~ ill 111(' fill·
l/"fllll/(LI l'Ollfl!T1I1~II,i()lI, Lha1. iii, IIIl carlJ'!11 alOllli'< VII 011<..' dillin lie ill nllc pili lie, Thi~
;1' t1WI;l'Ulllld i'<11111' of Uit'dlilill \1<1, If'J, Itt"Ol'n~Jllllltls tu II C-C-C..C llilll!llrni ""gil'
uf {)o. I\notll<'r sl~,hln nJtlfU1"11lalioll uf tlwllryl dlitillN is Uw ,1lfll/('IIc (gjl'oliforillittion,
IVh"n~ !11l' dilll'llrlli illlgir' is ±11U·. A gllucht.-, ('ollfonnitliul1 c1lilllgl'S t.llt' tlin·ctioll
uf tIll! dl1lill. ThiN dilirlll"'s tilt' orrler in 111l' hilayt'r a.nd is stericIIlIy llllrnl'Ollrahll',
(:lllllhiuiltiOlIS uf two gmll'h'l mal UIIC or lIlor(~ t.rlln~ IJomls (kinks lind joWl) on till'
utlr"I'll1IlId, illLhuligh It'ssl'Ilf'rgclklllly flll'olltflh!e. disrupt the hilll)'cr Illnch Ie;s and
III"(' ,'UI1I1lIf)ll inllw ('xcill',1 stllk of t.lll' rlmills [[·1, J.')J. At high (elllperllllll'l' till:
pllOS!llrolipid dillilili lln~ ill iI di~Ofdel'ed ~11I1Il. dominated by gallC'lu' fOllfornlatiolls,
'l'IIPY h('lillYl' ilillrat stllh' 1I1\1ch like l11c1h'd pllra[]ins, Tlli~ is the /ilillid tTg.'<!fd'hl~,
or I,,, p1lai'<c. Cn11lioll Illilst b(: exercised in usillg lire cxprcs~iol1 !iquirI cI'ys/al. here
it i:-t IlSl·d ill ,~Ulore rl'strkt.l'd Sf'IISC to rlcscl'ibf_'S the fluid slatl' of the chaill~, rather
1I1111l in its IIl()H~ ('0I1Ulll111 mcallillg rcfl'rrillg largely to lhe llIcsolliorrhic ~Iatcs of
IIt;~l,l..r (d, [I fil). At. 100\'f'f 1,('lllpl'mturl'll t1ll' Ji pid c1mins arc prc(lolHilHullly ~traigltt
(f"\I"'f f.\"udlP runfol'l1ll1tlol1l') :lutl ti[tl'll (I,ll') or nnt tilll'lI (/'/1) with r~IH~I·1. to
tllf' ltihlyH lI(lrllml. 111 ~1l1diti()n, 11 bil"J"N modllllltion may occur in SOniC f"~CS 1.0
;ll'('()ltlIIiUllaL,.. ,<;lIlt'll of 1,1\1' mi!:!malclt hetwccn the headgroup and the chain \"(Jlllnl(.',
fl'~llll,illg in M() railed ril'pbl (Pj phn*l~, III the ortlered phllsc tllCrc is nho l'I'idencc
of 11Wh~'Il[;I1' unll'rillg within the plane of the bilil)'er.
Tht' phas(' fUuversiolllict.W('Cll Uw disorr!el'('d (li1luitl crrslallitll' pll"I.'>(') lind the
l1Ioreorderoo phllSt'll illlllln' phOl'I,holipitL-isol>!'I'fI,,'tl m' a ,li""lIIltinl1ily in a lI11mlM'r
of cx(X'ril11enl/l[ varIlIlH'tm<, Frumllw <lilf''Tl'nl ial sl";l1lllill~ (";11t>ritlU'lry I't"r.'IM't'li\>t"
I sharp discontinuily ill 1111' ('Illhall'.\' Illarks till' lrilIlSiti.II1. This is Sl't'll as;, I"';'l.;
~mAlI illlr:](" IIClilroll !'ic'Ill"riug (SANS) lIl<'aSlln'IlI"lIhl [Ii. I!IJ n'IMlrl a ,lisl"I'lIlilll1
il)' in thc bila}'l"I' ~hickll'':\.~, 'I'll<' om.d, uf lall'rilllllul,'t'III;lr "nlt'r IM'IU1I' lilt' 1'11;ISl'
Iransilioll call he obser\'('tl hy wi,h.' ;U1l;h, X·ray tlilrrilflitlll Ir,!. NMH 1I1nl1WlIls .111,1
acyl chaill~ i\llli L!le ~\rt'iI P<'1' liplil llInl"'I1I,' 'Il'tIiSS t!tl.' t r;lnsiri,," [:!11·:1:11, Tll1'.~,·
and other eXp(·ti1l1l'1lt.S IIrl)\'idC" nlllllldant ('vitlt·l\l,,'llwl. UIl' 1II(I;,r hihl.Y,'rlrallsilillll.
I>oint [2'2, 24-:IOJ. 011 the l»Isis of /I sysl('malil' slmly uf 1111' Ilisnml innil)' ill L111'i1!""
JK'r lillid lllolffUIc IIcros.~ the 1IlIlinlransi\itlll. r-.lurrul\' iHIlI ....wurk,·11\ IX.!1 "UlIdll,I"
Ihllt tllC main lrAnsitioll in s1lorlt'r 1:1I<1-in diaryl I'(:s ,M'I'Urs r"~'r 10 a "rili"al"oiul
thAn in longer rhAin hOl1lolop;!:I. TIll' r('Slllhillf thlllsilldy "IJllI hlll,I,)' tll:.t tlli!! ,Ii!!·
ront.iuuit.)' may disaPPCM in tipid~ willI I,'!i.~ 1111111 I·' rarllfl/lS in lil" ;wyl dmiu!!, '1'111'
~hortcsl chain {lillCyl PC. which ronlls st.allk~ hila)'('f aAArl'I;;.I<'!I. is DLI'(~ wllidl has
12 carbons 011 iuehain,. The ot..'lf'rvtl-Lioll or tit,· I,,, __ I'", lr;rllsiliull ill lliis lil,i,1 i!l
obstrucled by tile illtcn'('1I1ion of a lmll~itilll1 inlullll' I." "haSf' IT.!, :Ii-:llil,
Al lower tcmperalurc the dilleyl pes Imd"rRo 11 pita,,,,' ""llv"rsj"l1 IlI'lw''''1I LIII'
1'(1' and the I~(I' IlliMCli. Tlli!! is IIr(~ JI'l/mll.~if;fJI', '1'1... shorl"r ,.]Mll1 r1illl'yl PC
hornologs (12 lUld III carhulls) Clltcr<l l:ry~l;rlrirw(',c) pllHs,: lll:tflSS loll!' ,~"MmIlHilillll,
This phAse is also ohscrvllhl,~ ill IOll.l:er dlal11 ,Ii;rr'yl I'(:!! "rlr'f irrr'IlI'ill,i"11 lit SIIII~"I'"
lmnpcrALurcs ol'er II lon~ IK~riod of time 1:11, :171. [t is illlporlMII, lu "':III':l1LI"'T lhat
Ihese lrAusiLioll~occur IM~lw(:cll 111r1L~C>l whieh 'If(: dliltill:ll:ril'-""I I.y ,lifrf't"II1. 'ml'~r
lllis,-aSt·).tUf'Sllc,lrII1lIlW··
lu Illf'llllmllll'S, 11,<: 1,I ....sjlhlll,i .. I.\,khllline III'miKrollp is{J!"if·nlf... I.,llllosl 1"HAll,·llo
Hp;e·uL'<. III Ulf: jln'Sl'llI·.... uf lIH'llIhr<1llr surf;"'f' r1IAr~I" for c.'Xlllllplc'_ Ihe hl'Adl;rnlip
IlIlIle'r,l1;u(':I 11 lilt lowllrcls. fir lI\\'ilY fffllll til<' l1wmlmlllf' surfflo·!:I!)-·mj. Jlciulgroup
uri"lIta!.i,," is ;,ISf"llrl,<'le·,II',I' dlanr,I'S in lIyllr'llioll 1;111, ;,11.
J.:l MC/IlbrlillCS nl high pressurc
'1'111' C·I(f'd.~ or lIyelrcl>lll1l,if' I'rl'll.~llff' (JII pllllsp!lolipid mClllbl'mll'.~ 11I1\'f' lwrol1ll' tile
funiS Clf .~lllos1alllilll s/·il'ut.ifir inl,'r('S! ill rc1i1li<l1l to illllUl's like! e!P.'I' ~,'a diving.
1'11)'sioloJt"v "f "(-l'~lll f]UCIl' lifl' (OrlIIS IIlIel lipid s)'sl,f'll1s ill oil wdls. or 1'1ll'linllilr
inh'l'l'lll ilN' t'ullllilitlllS like' lIlt' high 1'H.'SSIIN' nl'r\'OIlS s,l'lulronll' all/I prt'S."llrt· I~X'
f'ilo,hi'ily in IH'riphf'rlll lH'rl'C's. Thf~ f':qwrillll'l1llll i1PPfOilt'h('!'l usee! indmlc ch-dron
spill tl'SCmilllf" (ESIlI (."12, :,:II.,Iilalumdr.r [;~I-;,,'il. flilrl,rt'l1tilll fofllJlnillJ; rillurilm'lry
Irl6, ;,!J. (iO], HilHlIIII, lJV illlll In slX'C1rosrolly IliI-i!.l]. l11i1gnclir rrosollanre [~, J,
llI'ulrun Sl'lIllf'rillg II!.!, S!I-!lIj, X-rill' dilTrndion 1!11-!J:1]. light lransmissielll /!Xi. !IiI
IIml nuOtf-sl...·UI'l' [!JS, !I!J]. ·1'hrorclirall1lo<lcl.~ h/l\'f' hl.'Cll df'\'NoIICfI to discus.~ Ill('
drc~'ls tlf JlI'f'S.'1Urt: fill 111(' mniu tf'illlsilioll ill Illrosl.holipicls (\VlJilmotc. lIuptrhlishf'tl
l't'llllll.'1) amlllll' Illf...·lllluisIIlS of incoTlKlriltiou of 11 lUfllllllUIf'stllclir illio till' melll'
hrmll' lIOn, Wll,
1I1'Sf'ifrrh Ull lllf'luhrillll's al high prcs."llrC!l hall de~~'c1opl:c1 ;n 11 llumber of Ilirt:f','
I il)Il.~, ;rl11lln~ whil'h afl' II1\' ~l.llfly of lire prolWrlif:ll IIml plrllSC hdw\'iour or 111m:
lipitl~ ill dl'\'1l11'd prt':fSUI'I' [I!)..'H. flU, SO, 81. 1'1;1, 81)-88, DO, !Jl. !Ii. 102, lOa}. lipid-
rhull'l<l<'rul jute'radiolls li~. 1\~1]lipid-prokill iulcrilc1101l5 [ii. is] 1IlL/I tIll' df"fl'l of
1I..."l all<'l<tlwl.ic'l< tl1I I;l'itllJila)'I'nt (51.5:1, :,5. ii!l. i2, i·l, &1, 96, 10,1], Lin: lIud irrll1ct
Cll.lplcr I, P/lllSphOlil'irl.~ III
at dc\'alrd pTt's.~llr(' [;fl. 10;"111].
Thl' 1llilill trillisiliollll'ltllll'I'illl1n· illllliHSl'llulipills llil~ h"I'll oh~,'r\·,'d I" illn'·lIsc'
at c1c\'all'(1 pTt'~~un.' II,\' ill""ll. 1:F<' l)t'f 1.:\"'1' !I!l. :) I. :';" :-n, !lO, II~I ...\ 11l1l111 .. ,!" ,,[
ltigll preSSlln.' pIHlSl'S hill"- hl't'n n'pOl·kd. ill .. hHlill~ ,\II illl<'rdi,t.:;ilnh'd I'h'I~" P~). tolL
riO. ul, {)~. Wj. 70, 82. ~;l. :-;;" Si, sx. !lll, Dr. lU:!. I[);~J. Ni\IH .~I)('r1r,l. 1'T<'~1I1l10l1,1,I"
tile llisiril/lllion of lIlclll,l'krl(' onll'r illulIg 1.1 ... dlilills. In l'"rl,i'·1I1"r. iI ~lIl"'I,lIlli,,l
illl'n',,~ ill the order is u!Js('l'\·e,l1.nwanls 1111' !'II'ls ur till' rhailis in IIll" il1l<'nli~it'\1.,·,1
Hydrostatic pl'C'SSllI"C' prOdlJ('l~ 1(ll,pr,,1 r'nlll[m'!<.~i(JlI of llll" hil,I,I'l'!", tilt' ,1"ll;r\'" "r
whiffl Call Ill' r'sti1l1akd from rhilllgl'S ill 1,1ll' lJib.\'l'r· thir\.:lI"s,'<, 1'1'1'1"1"111"" IIiIS I"~'II
fOlll1d l.n illl.:rl'aSt' till' tllirl.:lIc'ss nf til(' lJililY"r \!In]lIlid ill. 1-11I' >';11111-1111\1" III o!l"Tl';ISC'
tire hHOIY')!" Vnlnllll' [f,", :,7], TIIl~ l'OltlllH'n>tllpF·,'S~iloj1it.\' "r IIII' I,il'l.\','r, 1.11<1111\11, is "II"
or two orders of magllit\ldl' s]Hall!'r tll,\\1 IIU' "ompl"l',~si"ili\)" i" Ill,· la1.,·,·,,1 11I1.I "xinl
dirediolls [11:1) and eml ortcli Ill' lll'glc'clc',1. TIll'I'l,ror·... ii, is n'i\,ul1;d,I.· I" aSSIlIIIl'
lhat 0\ Illteral hilayer m1l1pre:lll\OIl ()('l:Hts ill. ;1 I'all- proportion;l\ 10 1.l11' illv<'l"s.' u[
the chnugc.' ill hilnyc:r tllir\.:llcss (!iC.'C l'llOlpkr ,I). j}c'lll.l'rilllll NMil pmvidps it way ur
estilllallllg the r!lange in Ille!llhrall(~ 1,11i1'\.:IIl'.ss.
PI'l'l;Sll]"(' is [OUlI(] to hllV(~ all urdl'l"ill!l "Jr,.,.1 "II 1.111' .. cyl dl" i II.S IS;I. :-;·1 J. I\ddil,jo"
of a lT1clnhl'i111c·sol\lblc lural iUll'Slhel.it: is ~1r1l\\"11 lu disun!<'1' Lt ... hil;oy,·r. S,d'~'·'III"lIt
applicntioll of high rrc!;.~l1rf: Ii;,s 1)I~f'(I ohserYl..I1.u r,··(·s1...1,lisll rrl"ll~·,d .. r <I,d"" ,111,1,
thereforc, to ad in it,s cOIjlilcity of an alll's1.lrel.i,: i1t11.;I~(Jllisl [l'HI·
EJrrK~rillwllb III (~~~ViIh'fl Ilrr.s."Itln~ [lrtWille illfonn<llioll on the propcr1il'5of phao;-
pllUlil'"I.~ rWIlI tl ... III:l"!Il"'Ctivl!oI' illlOtl1l'f 1IIcrl1lodynall1icdiml~nsion. 'file reipon.sc
ur thr.llilayl'fw vol 1I111e0l1ll 1'n.'S!iioll is very allisotropic and call be uscful ill A:aillill&
IIf'W itl.'\i~hL~ into tile 1l1l~IIIUlieillillid slnJrtllrill prol'crtio of the hilayf'r. Threrr('('l,
of VlJlllIIlf: "ullIllrl:l'>lioll fill lh.~ Ilh....'i(! hdla\'iollr of 1he pllO'1lJholipid~ can Irilll 1,0 II
1.. ·tlfotlllull'l'liblllli.IKoflll.,ir 1I11lIliclltllrr:l-~llrc·IIII/I1;(::t.
1.1 'Chis work
'l'l.i~ iM II .~tlldy (If t.1'1~ ,:m~'1 s {If IiY'lro"\.ill ic ':01llllrl~.~i(ln 011 the rnok'f:llli'tr ilild plll1111:
"lr''1'I~ of Ilrc'S.~III'1' Oil Ill!' ril'st order c11i1rilc!.er of the pll()'llllolipilllllaill lriltl~ilioll
llf(' s\.U1li.:,1 inl.:rms or ~hc Ilis(1)lIliIIUit}, al till' trall,itioll inlhr mean ol'il'llliltiollill
urtlN ill DMI'G. TIlt' Ilrtlxilllit}' or 1.11(' ltilllsitioll to a rriticill l,mnl is di'll"IISSl'1l.
A I'hl'llIIlllf'ltoIof:ical Inooe·1 is II~I 1.0 analyse' IhC' IlIllhil'ltLllnd IIII~ higll 11I't"NSllIl'
lH'hil\"iolir ur the SY.stelll. A S)':lIMlli\lic sludy of ll,e phase hduwiollr of ULP(; ill
,Iil[crelll prc..'!IlIull'!l is 1'r1'S1.'tll.l..'1:l. It is sholl'lI L11i1l pl'C$Sure CAn he u!;C(1 I.oll«ollple
til(' mO'l;1I lrallltilioll al1ll suht rallsilion. whil"h 0\1'tlllllI1 3mlticnl prrssurc. Thcdfl..'Cl
II[ ptl'!l:llll1' 011 Ihe~ I"f'<'c:lltlr r<,porled Dr pitaS(' iii ill\~ligl\ll.'t1. as well a~ t.he r'l'l",ti\'('
stilhilit)· of tllC' 1'1" ancllhl' gel phases with 1"1'SIIIrlIO the crys!.i\lliltC pllll!iC. It is
sllgp;l~ll~1 I.hlll t>LPC 1IIIlIl'rgocs II Iril.lIsitioll inlo tllc gel pllasc beyotld ~ critical
Iini Ill.. 'I'lw ft'Sl'0llS(; (If lilt' phospltocholilil' hf'!Ulgrotlp lo Achange in the Mea J!<'f
lipid IllUh'ult, i.~ illvf'stignteu ill both l)~II'C illulllPPC, Iligh pressure is n:w.u Nl
it toul fur dlilligillg tIle nrirmtalioll or lite pol Ill' hcadgrollp in a continuous Wi\y.
A lL,'\\' n\('dwlli~1Il go\·C'rtIillg tIll.' IImhiell( prc'S~llte respOllse of tile hCclllr;toup to
\c'llllll'rnllll'l" is Prol)O'ie.,l The phasc brl,il\';ollr of DPPC is studied at (Olilill'lIll
Clt.lpt.cr I. PIIO.<pIIOlipid.< I~
Il"'SSUrc ilull nl con~tilllt !l'mlM'r;,ln,,·. TIll' 11t1l\lHI;,n.", IIf "tlllll'lli~h I'Il"'Slltl·l'h••",·,.
aTe dCtCTllIillt."(1 mow ilc('"nr.llf'ly. Thl' still,ility "f l1l1' Ilrtl.'ll"ll ..ryslillli,lt'" illnl .\"
l,ha~j.'ldisclls.-'i('(I.TIII'I·tfl"l·I,."frlll·s"<LIIl'ulltl1l'l'hil.",·ll ..h;l\·itlllrilll.I.I.\"Ililmi.·al
IlroJ>Crlil'Sof 11 rholl'l'll·n,l.nllilililliIiA hilo.y,'rilo· sln.lil'll.
Chapter 2
NMR Background
Nlwl";1r IIWj!,IIl'lir I'I'Sllllalll'" (N~II!) is blISI't! Oil !11l' Ildlll'ipll' or II"SOn;)ll!. ('lWtgy
11'111Isl,'1' ill a !lIw)I'ilr S~'SII'II1 ill il JllilJ.;lll'tjC li"ld. Thiselrccl ril1l oilly hi' ohscl'\'('d ill
s,\,SII'IIIS with III1f1t'at ,Spill Ii' U.
TIll' "~lu'rillwnt illdud,'s a SOI\ITl' of <I ("()lIs!lluL f'~l,~rnill llHlguel,ie fi!'lll H(I. ;)
spilt S.I·sl,'1t1 alt,l II ,'oil. willi II;,:is 1I'illl'wl'rsp 10 th... l.'xt(~rllal IlHlgndif' fipld, TIll' roil
pl".l"s Ilw 1'111,- or iI nJllplillj.!; l'11'1111'1I1 h('j\I'I'l'Jl 1111 I'»wit"tioll sOllre,' of II';HlSI"l'I"St' I illl!'-
11"I"'llll"IIIIIl<'/.\IIl'lir fi"111 all(1 ill till' SH11II'lillW il IU'ovi(I('s till' rl'onl ('lid illl"rfH('('
"rlh,',I,'II',·lol'.
'I'll<' in1.<'nwl iOIl 1,d,\\"r"'11 1111 isol11h'rl spill ,lIId llw magnetic Iidd ('an he dc:snih(:<;1
1.,\' III<' Z""U1IHI 1I,'Il1iliolli,lll
II, = --rHo.I (1.1)
1II'r" ') is IIH' !!..I'Wlltlll!;Ut'! ir rntio or 1.11(' Ilucl"i1l" spill I, The preferred Ori('II1.ation
i" Ill<' Silill S,I'sl('I'1 is i,lol'I; III<' ('''(I'I'lIill tllilgr"'lic liel(). '['his J"(~IIII,s in i1 11011ZI~ro
Ill'!, Illilt"l'us""pil' 1l<IIHri~.;1\i"n, Ll'I JI/u 1)(' (h(~ lllilgnelizalion of the spill sys1.I'1lI
ill "'lllilihriulll. ,\ s,'mi·dassiral pirlllTl' ..an hl' usc(l to dcscrihe ~lrc (lyllillllit's or
till' spin s,l"SI"1l1 rol[u\\"ill~ it lll'r~1Irhilti(111 rl'Otll I'(lllilibrilllll. The ::-(o111p01J(~nl,of t.he
1lt;'~11'" il.al inll, ,\I,. "l()ll~ B u, I'd,,;':l's tOll'ilrds ,\In, II'hil(' (,he trilllS\'erSr components,
\/... aud .1/., l"<'];\~ \0 ;wrn, TIll' ill\l'rlll'lioll ('lUI be llcstribed hy tIl!' Blot'll ('{IIHll.iollS
P1-1·llli]
d;;:, ,\IIJ ~ M, + '){M x Hl,




The tin\t'co\\~(lll\(s ror III\' rI'laXlllinllll1T '1'1 r"I'I!tp IOIl~illlllin;I1"'ll1l]"III<'nlmlll-'~
rol' holll t1'<ltLS\'el'~C' ('OII1Plllll'll(~or I Ill' 11111,ll,lldiz'llioll.
This dlapler III'L'St~lIt~ fl hril'r d('~l'I'ipl.i()1I or dc'lIh'rillll1 N~IB l.Ill'lJry lIlid il~ 1'<,1(,
\,flUel-' 10 llIcmhralie hiopliy~i("~,
2,1 Dt:!utel'iul1l NMR· theoretical rt:!l1llll'ks
Mf'll1hralll~s rill] in lhl~ l'all'WII",\' or )I;II'(,iall,I' ol'll('r"d ~.I'sl.c'IlIS, ~Iur,' sp",·ili"'III.I·,
they arc li'lUifl nystals, The 1II1J1e1'1I1,,~ ill 1fti' lipi,1 hi[;IY"r Ilislll;).\" SlIllIl' clq!,I'(~'
or oriclIl.llliolll1l alit! ]l~iti()lllll orcl,'r \I'hil,' n1l11111t'1,t, c'rysl,II-lik,' 'ml,'I' i.~ ;1111"'111.,
lI10lecular motions ill 1,I1('sl.' syslems ;\1",' Ilion' l·t'SII'i('tt~1 tliall in ilitll,l'opi<" s<lI1\1.ill\l~,
Yf't lhey have 11111ch mon' rl'f'I.'dnln tll;111 inl.lll' unlc'n'tl s.I',slt'lllS. l)t'I1I,'rilllll NI\111 is
i) method ror sLlldyillg !,h"SC'llI01iUlIS IVlliI'h I)l"<witlc' illrnrnlll1.itlil UII 1.I1C'il' Illilll.nil,lltit',
tillie sCl1k' illld sYJl1llldl'.\'. '1'111' lipi,llliotiolls ill 1.111'1111'1111))'11111' ,In' allis'l1.nlllit", AI'
11 result, the oricnlllliolJ dcpc'lIdc'Hl S"f'(l1IIl or,lm' (1"lIsor) s!,ill iu!.t'1'l1l'liol1s iJrt' 1101.
cOll1pldc1y nv('!'agell Olll.. These illdu(lc' t.1I1' 1I"11<Ir;11'1I11' ilIlil diplIl;,r inl.t'riJl'l.iullS
ilnd tilt: c1)(,lJ1iCid shins.
Detlh'rilllll N~Hl (111 N~lll,) lItilizel' I'OIlll' ur tIll' lilli/I'll' IU·o]J('l"1.ic's or t.llis is"
organic 1I101cclIl"s without ,dl"J'illll; 1IJ(1 dlt'rllinll Hud l,ilH"llI'lIlic'al p]"l!l'r'rlil"~ ur 1.111'
(;ompoullds, 111 l1dditioll, 11 l'itt~-SJl,:<:ilir slIhsl,itliticlll is possi)'tt~, ,dl"will~ illfol"lllH-
lion llbollt II giVlm ]JILr!. of I.hl' rnol{'(;IIIl~ tlllw U],l,lillt'd wil.lluill ill1.t,rrt'!"<'IIC'I' rl'lIlIl I,ll"
rf~st of the sysleni_ I)cutt~rilllll, il spill fJJ1(~ IIll1"h~lIs, l..ls ;0 flllll,I1'1l1l01" rllflllwlI1. 1'1111111
(:/lIlpt,!r'1, NMR lJilCkWOI!/Jd 15
"rlflll~lt lImt plllsc~ ll!l:hllill"'!SCllll hI! II11Jllie<1 (typirallinc width is Ic'SS 1.111111 2.')0 kl'~)
1111,1 t1li.1. 1I1'~ 'llwdl'Upoll' illl.l~r.1dion CIlIl !II! fq;llrdctl lIS iI first order pel'tllrlli\tiol1
1u 1,11l' 'l.c~'IlIi11l IIl1rniltollillll (liliont 2:1 ;\'J1'~ ill a :1.7 T magnetic field),
'l'Ile t:0I11plt:w 1l,1111iltonian of the SySl,I'1l1 C011S;StS of 'l~mlltl, qUilIlrupolc, II;pollll'
If == IIx+ IfQ+ II/)+ lie. (2.:1)
FU1" a l'aI'1IfJll-dl'lIl1'riltrll hond in II 11If'l.llyl"lIc ~l'(J1l1J llll' IllsL two make contrihntiolls
of till' nrdl~r uf If) Idl~ alill I kllz, rc.ospe('til·rly. flllfll'illl he lIcgleded [1171. III til is
nl.~I' til(' s,yst,em 1'/111 1)(' Ln'llh'11 llS IHI is{lln11!.1 spill problem with 1111' (lll/ldl'u]l<llc
illlcl"ildiOIl IIS;1 lirst ot"(k'r pntlldmli01I.
Fj~lln' 2,1 ,~hfl\v,~ tlw ,~pliltill~of tile f!,l'ol1!l(1 stllte of a system of spill I = I ill
l'xlnllHI IIl1lgllelic lil'leI Ho. The gl"Ollud 11'\'('1 is split. iutu three Ic\'c1.~ (left) with
1:llI'rp;il:s I~III = -lIIltwu. lien' !II =0, ± I I1lltl ....·u i,~ tlrc Larmol' rl't'(lllCnC)',
-w"J_" _






Fip;nrl' 2.1: ZI'\'IIHllI l1ml <jul1llrullole spliUing of tire ground leyel ill It spin onc
t1lwll'lIH.
III " rllrlm!l (It'uteril1ll1 chemical boud. tIle dectrol1 density has a highly
Clrllp'C'r 2. NMR IJ,1ckgmuud
illli50tropic di,~trihlllion whirh t'rt'nl(~ llll t'lt','lril' fi"hl l!:radil'1\l, nl. (,ll<' ~ik <If Ill<'
lIucleus. The (]uildrupoh' 1l101l1f'lll of Ill{' tkutt'l"llil iI11t'1'n<"1~ Il'illi (.lli~ l!:riltli,'III. 1>1"l'
d,~cl.ric po1.cl\l.inl \I(r) III 11 'l'1Iylor\ i'Il'rit'S. It, fan ht' ,~hOIl'II. Ih"II. I,hat till' lir~l 11<111
\"ill1bhing 1erm ill the 1"l'~uILilig SI'riL'~ ror IIll' ql1;,tlrupo!<' "tlt'rp•.\" t'tH,t"ill~ tilt' Sl't"\lIltl
s]llltial deril'llti\'es or \I(r). Tilt'S!' dl'ril';,l.in'S fortu iI ~.I'IUllll'lril· l.r<ln'I!'~s 1'1""<11111
order tensor, 1:lllled t.llt'dl,t'Lrif lidd l!:T;ulil'll(. (EI"(:)l.t'llSl1r, 'I'll<' t\ll<ulrll\\t,l,' Ilalnil·
1.ollillll rillL hI' expressed, h.I' II wallS of til<' \Vi~lI<'I'.E,'k;lrl lllt~m'I\I, ill Ih" l,rilll'ill,,1
axes system or this Lensot'. Siue(' t.lll' d"d,rir 1i,'ltll!:nldit'll1. has a 1",..rt'I'f(',ltlil·f'd iOIl,
reflecting 1he rc1al.i\·(, rontrilJIIl.ioll or th(' ,lill/!,ull,,1 ,,It'111t'llls \'>'" \-~y" F.", lOr Hl<'
EFG tensor, Then the qU1\drupole 11"llliltoni1\11 is [11,1, lIn. IIX·I:lOj
Here c~qQlh ::::: 16i kll~ i~ tIle qllfidrUlltllt· l"tlllp1iul!: nmslml1. rOl' r11'lIl.<'rilllll ill H
CMhon deuterium hOlld.
The (IUadru]lolc shifl of lhe Zt.OCUHUI lilies 1'1\11 hl~ dl'lf'l"1l1iw',J hy ,'xllrl'ssiu~ llt<'
takiug IIq as il, firlil ordl'l" pl'rlurlJlltioll 10 t.Ilf~ (,{"'11l<ln 1l1l111ill~lIliali. TIll' l'l~III1.inv.
lI11nlillOlliilJl dt'pCllus Oil I, ,dOlle, Tllen Ow //I = ±I ZI'I'llH11I I,'wls ;ll"!' lihinl',1
upw<lrd!J hy all mnolllll
(Vi)
while the TIl = 0 level is lowered hy :U~, TIll! lll'o Euler ;U1p;I,'s n ;rllli II tlt'snil'"
the orit'n1a1iou of the EFG prinCipal ax(~ in 1.l1f~ lal.flratlJty fr<tlll". TIl<' Tt'Stl!l,inl!;
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III llli~ way I.fll~ 'llJIlllrll]){II" illlcnll'lio!l rl'ItlOVPH the ,lcgctlcracy amI llll' siu!:\k· hl'C"
lIIall lilll' of rn'(I'H~lII:Y Wu splits iutn IWIl linl'S at "-). +a6.!h illld l.I.'o - :Ib../I,. t.lll'
.~liin.('(1 ','vds i1n' sll(l\\IJI ill Figure 2.1 (right). TIll' ;]IJ(J\"~ ('xpn'ssioll 111s0 shows 1.111\1
!.Ill' '1lIilllru pul,· spJil.Liul; ,1"pl'IHls 011 IIi,! ,sl'H1.ial 01'i<'ul.llliOIl or lli,~ I~FC: with r,~.sp(:i:t
l"l111'exl.f'rllllllllllglldi,·fi,·I,1.
Almost i~1l silllilliollS of jJrilrl.icill illkl'l'S\' ill\'oh'c d(,lIl,(~roliswhich arc lIot Sl.iltioll-
ilry IJll1 al"!', rat.Ii(~r, pMt of IlIor"':1I1P.ll1l1lr!f'rgoing vOIrinlls mol.ioll1;. III tim l'fCSClICI'
uf 1Il0rl'l'lllal' mot.ions, it is 1Il()f(~ ilppropriillt' 10 ,Itsruss til<' 1l\"l'l'llgr ol"i,'nlilt,ioll of
till' I';H: 1'1'illl'ipa! ax('l\ sp1<'lIl. riltllf'l' tllllll il.s iJl.staJltilll('()ll~ Ollt'. TIIi~ i~ ll~ullll)"
,lUll" ill I,,'rrll~ of 1111 IIl'Ih,' /IIlmmr:lrr. S'J [II!)].
[n.~l"Il(1 of ,'xPI'(');.~illl!, til,' Orit'lltillioll of till' I';FG principal ,\l>:t'S with rcslled t.o
1.111' lahoratory frilill': of rl'fCrf'IICC, it is suitahle to illtrexlllcc a l1Io)cc111ar nJOnlillllle
~ys1.1'1ll illid to dl'snihe !.Ill' EFG oricntal,ion with respect to this sy~tc·ll1. Tlli"~ is
iIPJlroJlrial,,~ ill l.lw (iIS(~ of CiuIJOIl-(lculeriulil bonds, sincc' \.h(' t'>t"Cn1.ial pm"!. of I,h('
"~1.lIl,illll'lry ill slldl il 11\011:1'111111' frallle of rde1'l'uce, hi this filse, (I, {laud., nlll Ill'
dIO~I'1i to ~p"t"ifr tIll' I':nl,'r llllgies of t!ll' EFC; ~,I'sl('nl wit Ii 1'cslH'd to til(' molecular
frHU1I' of r!'fprt'llI't' ;tlltl 0', Ii' i1nd ""I' (:,Ill be tl~cd to describe tIlt: orientiltioll of tile
11IO!t<t'U!,U ax,:~ of motion with respect lo tIll' lnbo1'il1.ory coonlillilh: SyS1t'1I1, TIte
~)'l1llll<'tr,l'of I.1w llIol"t:lllill' motion all,1 lira\. of lhe laboratory f1'al1lt' l(';tVl' /, (I' and
""I' llrl>il,r1lry and tit,')" nlll Ill' s"t, 1.0 ;w1'o. Then IlIC i1\"crngc cltlallrllpole splitting ill
t.Ill' IJrlOSl'lIrl' of ll1olc,'ulltr motio!l rail bt, (,XIH('~SCri ill ten1lS of tIl(' dillgOlWI c1cllwlIls
ClIapter 2. NMR /Jllckgrul1ud
or the mder PfHl\I\\ch'r h'll~ur 11 Ii, ll~. 11\)) ,1"
(wq) ;I~:;:Q ~(:I (OS1 {I' - IH[(:I ..us~ .1- I) + I/"ill~ ;:/ "ns "2<lJ)
;Jf:~;:Q[S" + ~Il('''''rr _ ,...·~~)I. (:!.:.q
TIICOfllcI'Jl'lrlllllcl'·l"I'lcllll'lllsnrl'ohlailll',lh.I·lllkill!:tlu"ln'rOl.e;l"'\'l'rllu'IIIUh'<:Illllr
1l1oliolls, If I,hc molccular n'Oril'IlI,lliolll< an' Slidl Ihat .....u = ,...'•.•. llll' '1'1;1,11'111",1"
splitting,
(:!.!l)
110 longer depellfls 011 1/. III a llilr"n'ul, sit.llal,iull. Illi axiall.\' .\\·lIlllwtri,' 1-:1·'(: ...111
rl'SlIll in )HI ilsynllllcl,ric df.'llkrilllll lil)(' if IIll' IHotioliS .lUIl' 1lI"I'~'llll' <11'1' "f l"II'I'r
symmetry.
A phospholipid dispersioll in 11'1111'1' is IISlliIll.\· ill 111(' form "r i\IIN. '1'1", 1IIl'\""I1I;'1
ilXCS ill such vI~siclcs Hr~ approxillHILdy lIul"lllOd 1,0, or sliJ!;hl.ly l,ill,I'd with 1"1'S[ll'o"I, Lil
the surface or t.he VI·lIicl,·, tlms asslllliing all possil.ll' llri"1I1i1t.iuIiS with IvsJll'I"I. lu




-'--'- ! <'1' < 1.
.;IT(&+ .r)t ~ - (:l.W)
where;l is the scaled frc'Iucllcy. This is lUI ('X!II·I's.~illll rM 1I1l' Ilt'nll'dlillt Ijlll'.~ln'1"·
for 1/ = 0 ami in the ahsl~l1l:e of rclllxillioll, wllkh \\'Oll'" 1l1'C}luh'lI tIll' lillO'.~. 1\ pl"t "f
the above e<luatioli i~ !;hoWJI ill Figure :t.:.!. \V1i1~1I " f lJ I.IU· s[w"ll''' "n' Irllwh Ill"n'
complex and analysis may n:qllil'c III111lel'il'lll n,klll"liO/ls.
Fnr symmetric Iillcsliapl':l, Jikclhe ()IW showlI ill Figllrl' :t.:l, 111(~ slJl'rll"1I1 111"1111'111,1'




Fj~llrl: 2.2: Speetrnl rlllldioJl r(x) for illl axially syl11llldric motiol1,
('llli Ill' (1('li11l~d as [117-1 nJ, 1211
A1~ = f:l" !(w)w"lfw,
It J(w)d~' (2011)
TIll' illtq~r1l1 ill the tlt'l101llilllltor is half tile nrC,1 \Judl'r the SP('drtllllllml f(w) is lll('





I [,01"/' the l</'collcl ('(IUnlit)' was oULailled by expressing (~'Q) ill tel'11I5 or Scn Cor
;1 11\01('/'11"'" axis, ori('nted along the lllilglletic field, 11sing Equation 2.9, Whell
!Jt'rt[{'ulera1.c<! hydrocilrboll chains Mt' stllllied the order parameter averagell over
Cl1apter 2. N,\fR lJllckgrorllld :!t1
1111 segments in I,he ch"irr il!lCI ~~ rtlll~l Ill' \lsl,1I in Equal,ion :!,I:!,
Elluation 1.11 illllstrall'S tIll' in11IOrtllrll"',Il' 1Ill' lir:<l sl','t'II'i1ll11<1I1IPUls to 1lH'1I1'
brnne studies. It shows il/ r as a llSl'rll1 indinilor or llh'illl "ri"l1till,j"ual unkr ill
the hydrocarhon region, .If1 is thns l'xtn'Il1l'I.1' sl'nsilin' 10 pllil.~l· trillrsilions II'hirh
illTed this order [22, II!I], First spedral 1I10111('rrls in 111l' li'lnid n.\'stal1il1l' pllilSl'
arc also Ilscd to cstinlillt, 1.lrl~ acyll'hilirr axinl ,'xl.t'rrsiorr Ill'r 1II1'111,\'II'rl(' f~rurrp ill till'
hydrocarbon region of till' rtlernllrll11e (eL Eqlli,tion'l.I [111).
2.2 NMR techniques
Tire NMIl pulse seqll('lln' lls('t1 in nil ('xp"rirrU'uts dl'StTilu-d Ilt'n';lrJ.t'r is 1.111'
IJrtailrujJolc CelIO sequel1ce [1221. It l'orrsists of two ri\tliu fn'cprplwy (d.) lurlst,s,
separated hy iI time T "1111 s[riftl'll ill "llasl' h.1' If !'l.. !':;\t·h pliISI' tips tIll' l\m~nPl,i·
Ultion 900 ilWilY from equilihriulll (1f/2 l'rrlse). " P1"l'('l'ssio!l uf tIll' IIlIl~llt'l.i~.;r(,iul1.
l:all('{1 the rn'C itulllc1-iorr ,kc;!y (FID), is illi1.i;r1,',1 hy I,ll<' firsl. puis". [o'ul1<!WillJ!, 1.11<'
~('cond pulse, a rcrocll~jllg or tire nlll"k'i1r map:rwli~atiolllll"{"lIr's at iI 1.i1ll<' 2r an.,,!" Uw
first pl\l~e, The time:h (:111 be I'hos~nlonp: l'rr<llll;ll thill, \.lw t,,'lro will 'Wl'lll" IIh,'r 1.11<'
probe ringdowu <Iud bcyolr(lllw dent! Lirrw or the r<'ccivl~r. A 11l;(·I's.~ilry "UII,fitiUlI rur
irllplernentlltion of lIle (illadnrpoic t't:hu ~':qllt:nl"<: is Ulill. till' 1<JI1~illl<lirr;r1 rdalwtion
hils to be ,~Iow '1'1 > T. lI(~rc '1'1 is tlrl' longil.lIllillill rdaxatiorr tilllt', TIlt' l'vululiurr
of lin isolall'd spin system rollowillg th ... \'11'0 plll.",'S eM) h,' r!1'S....il",r! riWJl'tmsly in
h~l'rns of the density matrix for1l1ali~1lI [1171.
\Nhell the pulse separatiorr i~ im:rmls<:'d, tlr,' ,-ellll 0('("111'1'1 al. a )1Ilt'r tilll" willi iI
concomilillJt decrease in amplitude. Tlri~ los.'! or 1lI1lglJdizaLiorr is il Tl!Slllt or slllw
reorientation anti is clmr"clerizcd hy tlrt: trarrsVt:rst: relaxatiorr tiltH' ":1•. A s'~rit:s of
increasing r's with the corresporulillg dccrt~ilsil\~ I:,:ho a1l1I'litll,lt~s pro'lilil's a IIII'allS
or measuring this paranwh:r. If 11 singlt: ,~xp<Jrr('rrtilll dtellY lrrt:dliluislll is ilS,sUIlIl',I,
G/Ut/dcr 2. NMfl Hi/r.kXfflu/lfJ
tht: lralllll"f~Mil': rdaXlltioll rlllrJcl!.ll Iw. cillcnlatCfI frolll
'I
12.13)
Till: slIhscript. c Ill~rr. J'!tlllllill for ·,~lto·. tk."iCrihin.sr; t.he mClhod used for mcasuring
t.hl: lrallSVCMiC rclaxalion.
A COllrtf:f"t.iol1 eft" I,,: l"i'llllhiishetl bclwQClIlhr. t.r.1Il~VeNlC r"laXlltion rille ali(I the
rurn-ration tillll..'S of tlU' lIyslf'lll hy ll1('lIl1S of tll(! <!(!lIsity mat.rix forlllllli~lIl. The
f"CIlTI'II,liolt fundioll fhMadl~rislic tillll! (IiiI' cflrl~!latioll lime) provides illforrllitlioll
flU lhl! lit1Il:s<:;dl~ of tlt(, l1Lok.~·lllar motions. II)' mcall:ol of 1/11 cxpllllsioll of the density
HIJl'ra1.or ill tl~rul"~ of It colllpidc set of ol"lhollorllllli operators [lllJ-121, 123-1251.
'I'~, !"llil b(~ rdillt'(l 1,0 tltl: sj}!:dr1l1 density flllldioll~ of the sysh'lI1 (the Fourier
lrHllsrflruH,tioll.~of tllf: rurrdlll,iull ftlnclion) 112Jj.
2.3 Quadrupole echo
'1'1,,' (11I1I11tllll1 llwdlliUicll1 trelltment of the qm".IrulJOle ceho is cOll\"cniclIlIy (Iooe
in (.corms of the e\'ol"tion of t.he density mlltrix [119, 11;1 followin~ the t.wo pulses.
An 0lw!rlllor l'I!'IlCI' ('1111 he introduced which rollUlins, for spin J = I. a 5(!t of lIillC
IIr~h()/lOrlllal opcra~orll. O"C par~iclllilr ,!loicc. ill tllc rotating [I'll me, is II Ii. 126J
Q. := 0tJr, Q~ = ~/,. QJ = ~/_ Q.I =~(3J: - 2).
Q. = *(1,1, - 1,1,), Q" = *(1,1, - 1,1,), (2.\>1)
(J, = *(J~" 1~). Q~ = 72(Jr(, - (,It'), Qo:= I,
Following tilt, nolalioll of Davis [Iii}. ~h(' quadrupole lIamiltonian ellll be ex-
12.15)
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ilnd the Jllllllilionilln during 11 pulsl' of sln'llglli ...·1 is
(:!.Ili)
'-ferc WI is tll(' frC<llIl'llC.\' of P1'{·I·Cl<.~ioll "hull I. Illl' t.f(ll1.~\"I'rs,' 1l1l1~11l'1.i,· 1\,,1,1 ill 1.1ll'
rotatillg frallle, The tol.llllhlllliltollill11 ill 1111' illlSI'II('I' of till' rJ. I'll lSI' is
lIu /I, + flQ
= - ...fihr".\ICh + .ff11wqlJ.i,





All disCllSSC<! ,~arlil'r, the IllHH!rupolt, intl~r<ldi(llll'fll1l11' trl'll11',1 lIS II sl1IlIlIllI·I'I,1I1"1Ia.
lioll to the Z(''f'man IInlllilloniall, anti nl ''ffililil,rinill. tILt, 111'tlsity 11Iiltrix i.~
(:.!. I~l)
where
<1IlIl all other coelndents i1rc~ :'.el"O.
During the first pulse of dlll'llLioll i,,,, amI s1.n'II/1;lh WI, ;dulI,l!; till' .r-axis, 1.11" ,·",·Ili·
ci,~nt C2 is nlsa IlOIlZeto. The I.illleevollll,ioll of ('Il( h is II"sfl'ilw,II,y tI](' nOlTI·sl'IJlltlitl.L\
Liouville equations, A pair of sol1ltioll,'1 [or f~~ 111111 ":"
JJt:;:U:-;ill(WII'".J)
JJ:'~J:I n~~(wli~" j,
describes a precClSsion or llw \'{~ctnr IllitAlldi7.atioll ahOll1 1.h(~ e'JlJII!lIIIl'III, Ilf 1.11" l"mli.,
rrcqucllcy (rJ.) field in Llll~ rota.t.il1f; fl'lllJle. If t11l~ pliisi' is of IlIilAllitlld'~llncl ,lin'I'lioli
Gllill'll:r 2, NM It IJllckgrmmcl 2'
slid. tllat w.i. , := 1f/2, the ;;-colllpo'Jent of tl.e magnetization lit the end of the rJ.
Fulluwinr; tile 1f/1. plllse th(l only 1I0117.cro rodFicicllt i!l
(2.22)
aml ..tll uthl'rcu"'ficil~l1t!lllre l'.c~ro. Thc S}'sl.clll c\'ulvC!! for 1\ tiltle r .lnder tllC innllcncc
"f lite' IlllilllrllpO]I: 1Ii1ll1iltlmiilll, 1:Allllltiotl 2.15. Thc llOtll'.cro cocfliciclils (luring this
tillll' fll~rioll il"~ 1:2 "m] l':s' '1'11(' sollition or the rorn'lllffil1<ling r.ionvillc equilliolls (or




- V;:~;'lJ i'lill(WQT), (2.2:1)
Tire roil in a NMIL e::<IK'rirncnt is 1w-f1)Cndicular lo the: magnetic field Ho and
OUI (ldN,t the transvcrse llIi1gnclization Mr alltl 101,. Tlms, a(ter the IIrst 1(/2 pulse
the.' Ilignal (in tIlt' rotating fnmlc) is (M,), which is proportional to (/,);
(/,(1)):= ../'iC'2:= v;t;-o (·I)5{WQT). (2.2')
Tilis is lh~ Sigilli I at. thc I)('r;illnin~of thc rf{'(! induction decay, (FIJ)), following the
pulse.
A S('COlltl ,;/2 pHIS/', of st.rength WoJ all(1 (Iuration l.,(J Along tile y-lIxis, resuhs
;11 tllf' (ornl.1';u11 of Cjlla(lrllr)oll~ IlCllO. In thi~ CIUlC, agAin. W'2 ill Ihl! frCi:lllf'IlC)' or
prt'('I'IlIiiolt 1I[,out the trlllll;w:rse IlIAgnetic riclll in thc rotllt.illg frame, Duri11g tllc
plll~('. r~ i~ IIll1l.lrt'(,!.t,t1 lIy t.l1t' trAllsverse fidd, bl'C/lIl~l'lhc r,r. lIamiltonillll cUllllrtules
wit.h Ch. H ....Q <: .....J. I,lli' ('vululioll lI11tlt'r JlQ C/HI he ncglected, The effect of II~
Oil r,~. at t.he.' ('ml of the pulse. is givC'1l hy
('s{l r2 l = v;:.~'o ~ill(wQr)
Cbllpter 2, NMH Bllckgmmrd 2,1
After the ]lulse the S~'lIl('1ll c\'oln'5lllldrr tllO' 111l1ll1wl1UIt· Ilauliltll1liau 2,1;1. Thl'
solutioll:! for C1 <Iud c~, rf':;IKTti\'dy. ilfI'
('.,(1) V;:;'U ro~(""Q(' - :!rJ)
-v;:.~~ :cin(""q(1 - 2rll, (2.:lii)
The signal is sYlIlllletric nllllllt I. = :lr 111111 hn:c II llw:-:ilHllllI ilt tlli:c Lim". If n'I;I,~-
alion is neglected, the il1l1plitlllll: ;1I 1!l[1li\110 tIll' ilm]llillult' of Llll' III1J inlltll,.liall·ly
following the first pnl!IC, Qllildflll>olc echo, ill thi:c Ivay, n,.'u\'I·1'lI till' FlU C'U!lIIlII'lI'ly
l\ time 2r after the first pul!IC, wclllwyolllllilltl' n'l'U\'c'r," Lillll' of tl,,· tl'I'I'ivc'r llllil
lifter the ringing of the lfllllslllitlcr hall eJl(II~1.
An':)lhcr interesting a:-;lW'Ct of this 1o,..11IIilllll' i:c lIll1l. if till' :ciJ.\1I ••f II... lit!ll Ilullll'
ill ch'lIIgcd, the <llIAdmpol(' <'Clio OCCllrs with (JllpO!litc· lIigu, On tl,.. "tllI'r han.1 a
change ill sign of the second Iluisc 1l<lllllOdfCf'tull UlI'l'Clw, 'rItC'!il' f<';llun"'lm,\'<'\'C'ry
Ilseful in eliminating vilrioll:! ilrtifacL~ rcsilltillg frum pull<'"' illlIM'rf<'d iUl! ;\Ilil ,,·(1·i .... ·r
rt.'CO\'ery trl\rlsient.s:. A I)haw dehlY of 7: 12 ill IKlth jllllse", r'O:-;lrll-.. ill lIIaV;lU:ti1.;ltiun
refocusing ill the r.-diu_'Ctiull. which e<ln 1)1' 11!\1'cl for ;I\'l'rl'~;nll; ur aSylllllll'try ;'1 till'
C]lllldratllre ,"-'Cl;oll.
2.4 Relaxation
Molecular motions wllieh cOlitriblll<~ lu tJl<: til1lf'.Ch:pl:II<lell1.llilrL uf llll' Il;lllliltuuiilll
result in phase aCClllflulatiol1 ill till: rotating rn"ml wlli.-\I, ill tllrll, Kiv,,,, I'isl' t., II
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,l.'(·;,y ill tllll'lua,lrlll""'/': I~l,o. If tlUl ,kocll)' i~ lISSlllllcU to hc eX])()llcntial. tilt' fwrrage
(f·I;,xlIti.,,1I r11k, 1/'1'1" Illl'y I.:cJhtaill .....1. Thi~ ran he rdlltcclto thl: K'flllf'.lioll illihe
"1'1...."·lIt ~>It.1 mun":III, 111111 , .11... to th'l motion.
'1'1lC' lilliitillf;ril:ole.!l "r rll,o;t iIlullllo\\' motion Me (ldinetl ill tl-'rrn~ or the rdiCtillll~llil'
110'1""'('11 I1M1 ;,nd till' turrt,li.tiol1 time ror til(' tl1l1lioll~, r~. The 1'l..'!"llling rclaxlllioll
rau' is 11 sum "r l!tCl t1llltl'ilmtions rrom tllC' individufll rdllxiltioll mecltilllisrmt.
F"r rflstmo1.ioll, 11A1·~· r; <: I, tlK' gClIClrlll llwory or 1IluliOll,,1 avcrllgillg gi\'C'!\
Tlli,'( is "SSI'ltl.illlly illdl'llI'w!r'IIL or I.IIC' d,·tails "r Itloliollll:lij,
It I I,llI' ,'Hs,' orsluw nltilillll, .:11\/1' r,~;» ), llll? l'cslIll, d"IIl-'ll1ls 011 the dlilrnr.lcr uf
molion illlll 011 1I1l' w;,y 1'l'lllSi,lioll is ml'i1SIll'\'tI, 'VhclI i' 1,\\'0 pIlIscs'!(IUCllrC ill 'I~,'d.
ill whirh th"sepllralioll Th.'t\\'f!l:'11 IIU' pulsI-'S is 11ITI~c' enough lhntllM,T1 :> I. thell.
rur Iflrg" mllltiulial jumps or lhe lIlUlc'Cul.. [11ij,
'1~< = p' T.. (1.29)
wllI'"'11 ~ I. TI,illllll'i1I1S lliat (luring til<' lill1<'1T dlltrlt('kristir of thr 1-",110 rxpc'r-
inll'lIt, SUIIIl' .It'll!t,nlllll 1I11t'1,'i fl('(llIirc riludnlll 1,llilst' fmm molt'Clilar jUlHps, which
dlillll;C'S lilt' fr('clllClIlC)' liy i111 fllUOI",1 ::: ..r.xrr.;. Ih 1\ I'f'SIlIL 1h.. SffOlld [nllsc
;,1, lilltt, T CltM~ 1101 r.,r()('ll~ all or tllC' lllflgllelil(alioll at li",c' ~T. QlIl)" a frarlioll
.'xp f-2T/II'Tr ll o[ til" :<1'iIlS, whidl tIn nul 1I1lllf'rgo IIITW' jUlIlps. c'onlrihuh' 10 lll!'
1'..1111, III till' rilSt'lIr ,1 ~Yllllllf'tri('l\\,f) ~il(' jump. I' = 1 [11iJ, For mlill,iollnl .liIfllSillll
Iii,' silw,l,ioli ill 11I0rt' l'UlIlplf'X, NlJlI,:tlll'h'~.~ '/1, sl ill illaCilS('s lI'itll illnl'fl~illg T~ for
Illll~ l'orn'lnlitllll,illlf~,
Fur r;lsL llIotiol1l1 '/1r ...... Tr-' whil.. rnr sloll' 1110l.iOll~ T'l' ...... Tr, Tht~rcrore. ill II,.:
illlc'rnw<1ialc'lIlolioll silual,iOI1, aM,· T; ~ I, '/~, Il\ll~t go through a lIliuimlllll. I'"ul!:!
illlt! (·owurk.'J'1l 112il propOSI'. ror tilC region or intc:'rrut'ttilltc T"r. i111 cxprl-'!lSiOll or lim




which is reduced 10 (~.'i:prl'Ssi\JllS :L2S rut' shu!'1 r,_ .11\<1 :!.:!!l for 1,,11,1:, f,. :\t 1h., tllillillllllll
·11'(lIIill):::;2.:i~~/1 alld f.:::;~. {:!.:lll
of 1.)1(' d'~(,<IY 1',1(" 011 lIu' ori('IIIOtI.i"n of t)ll' 1II<,I"<'UI<II' Ot.~is ;III,l r,,1' "I.rn,lalil'H (illll'S
rill' [rollllilc fast mol.ioll rq;illll'.
ChApter 3
J<~cpli"ll1el1t Details fmd Sample Pl'epnralion.
:1.1 The spcctrometcl'
IJl'Ulo'l'illll1 N~11l II',IS ]WrroJ'ltll'/1 ina :\,."i T ~IIFl'rcoliductillg lIlagllc't (Nillorac Cryo·
~I'lIil's, i\lilrl.irll'z. CAl, IIsiJl~ 11 JUl'lIlly cOllsl.ruC"t('d ~olill slate ~lwelrol1lcl,1'1' [1281.
TIll' S]Il'(·II'IIl1l<'1.I'1' ('OIlSlsls uf 11 SIi\\'I'\'OIJljlllkr fO!' 1111111 slllrllgt~ 'lml \ni\illl pulSf' Sf'·
IIIWII,'t' ]lrIl;;r,llllmillp;, iI I k\V I'mliot.rallsllliUf'1' alld il qU11111'nl,Ul'(' d~'lf~l,joll SC/:!-iOIl
willi a I:! hil, ,liAi1.hdll~ oSI·illosropl'. ,\ I!ellll'rilllll NMH pl'ohe was ,ll'sigued for
1I11'1I.~III'I'IIII·II1."l 1)('1.1\"('<'11 ·:!()"C alit! SfI"C <It preSSlIl'eS liP to 2,i klnlr.
,\ qlllH!rllpol,' prim pHlse Sl~'JlII~llt'l· (::j'J.r • T • ::/2_y . j) WitS used li22]. The
P,U',IlI]('1.<'rs (If 1.l1<' SI'flll~'IIf1' 1I".~rf.' at!jus1.t'd hdol'l' eacll series of eXrerilllclits alld IIrc
pr,osl'llll',J ill I,llt' t'ornosIH>1I<lill~ dHlplers. TIIl~ lotalnumber or SC<1113. collect.cd pel'
poi 111.. is <Ibn ,~1101I'1l ll1t'l"<', tugcth,'r willi IIII' ('/fecti"e d\\'dll.i1l1c lifter t.1\"0 01' foul'
lil11!'.~ O\·"I'.Slllllplll1~ (l:mJ.
:I.:! The high pressure prQbe
,\ high pn'll.~lIn· prollt' was tlt'.siglled rOl' lhe.~(' l'xpl'rimellls, All ilssembl,l" drawillg is
~IIU\I'II ill Fi~lIn' ;1.1. 'I'hl' Iln'SSlln.' dlilmhl'l' (I) is 1111lt!eof illillenlcod Iwr.rllil1111 ,'opjll~r,
'I'll!' l'\iambt'!' is "lIlrlllnl('d 10 llperale nl Im'SslIl'cs or lip to :1.5 kbal' wilh 11 saf<'l~'
f,ll'lnl' of:\. '1'11\' sl'akd Sillllille (2) is Illact.'d ill 111(' Ni\1H coil amI hoth nrc imnJcr~cu
111l.lw pn's~11l"I' 1rausl11illing IIU:<lill111, hydrllulirnil (AW ISO gl'lIuc32), The prC5s11rc
l'1lil11llwl" i~ ~lIspt'lJ(lt'd h.l· 1I1('allS of lhwc thill wall slainlcss stccl lllbe~ (3), which
2j'
Chap/.er ~I, Efjllip/IICll1 /JCllli!S ilUr/ SlHllp/l' I'rt'/lill'ilriVll. :!:-l
also ~cr\'e liS IhefllHI1 in~l1li\lor~. from 11 ~1I~Ill'll~i()n phIl,' (·1). Tlin't' ~.,1id ],1'1l~~
rods (5} provide the hllrkbolll' for Ill!' wlinlt, ju!.'mal slrl\('11I1'., ur tIll' jlf\lll1'. TIll'
lJmss rods an' ilUached to tlu' lop pl,l!!' (n), TIll' lOp pllllt', In'sl,in~ ("ottnr'("lllr~ ror
the ('xcililtiotl p\llst~ 1111\1 si~nal \'allll's. i!! .\l1nl'1wd by IlIn'l' hulls (7) III n rllllll1l'r-
ring (8). All allllllillllllllll!lc (!J) hons,·s all ,'I"IIH'llls nr 1111' pnrill'. Ilplll'r (1111 1\11<1
lower (12) adjnst\l1{~I\I_ fill~S, :WP<lf;\l.l'\1 1Iy IlIn'r' IWlls!! stlllls, p\'U\'irh' all IlIljIlSIIll>I,'
support. for 1he [ll'Obc. I.()II~ l,hrl'a<ls 011 I'llds (~). ,~I,lIll~ (11) Imrl t Illl,' (!I) IIllrl\\' rur
1111 ea\lY i1djusl'lIWtlt or (Ill' sample po.~il.ioll ill \ 11<' \'OlllllU' of lti~\H"'1 lllll!-\llt'li.. li,·I.\
hOlTlogeudt.y. Tlte whole prob,' i~ rt'!ll<,d. lilrtJllAlt dUll: I:! III1tI ,I I'TIIE Sr'plll'al"r
{Ilol, shown ill the illnst.nltiou). Oll top of till' IIHIAnd, (\:1).
couple wires, ClIler Ihrollgll IIII' 101' plilt,· (n) (uol showli ill Fill:lll'r' :1.1), ,\ diod.'
array, sepamting the tl'<lIINl1tilt.cr rmlll UIt' <Id,p'-l,ion N"l'1.iulI, is ,~il,IWl,',1 atop 1.111'
tl[lper insullltor plate (1:0\). COIlI,lillg (IIi) 111111 tllllillJ?; (17) !'111,al'ilurs llf{' l,l'I.-,.,1
IJctW{,C'lI the 1.01' (18) Il1ll1 ho\.loll1 illsttlnlor p[,lt"s_ BuUI ,'nlliwil.urs Ill'!' ,"}'lillrlri".r1
with 1ll0\'illg iUlIe!' t:OlltluctOl'N 1111,' 'Illarl~ ill.~111111()l's, TUlli1l1!; is ,low' hy ;uljllstllljJ,
the illsidc COII<llldors 1,,1' lurning illsllli11.l'd rOlIN (:W). ,\ Ulill win' (1,1}, '-'UIIII,.,tilljJ,
the lttning circuit t.o t.lle NMll. toil, clilers 1.1t" pl'l',~Slln' dlnlnlll'l' UlrlJlIV;h 1.11" f",'d·
tltrough (15), Tlll~ Nl\H! wi! is I;l'O\lIulcd II'rollAIt tIll' I'1lilmlwl' ;rllli tlll' Slll'lJortinA
fmlnt'S lo the Ollter COllllnrtors or t.ltf~ I'llls~~ illld siV;llal (,!lI,I,'S,
'I'll(' pressllre chamber is SllrrOlllt\!<'<:.1 with Stymfu;HlI illNll!<ltioll (:!.1}. (:,,1.1 Ilit.r<'·
gell g<ls i'l llsc<lits It Coollllll.. It is <'IIrI'i,~,1 dowll tulJl: (: aurlllill'k "1'1111", II {FijJ,IlI'"
:tl}. PreSSHre is 1I1'pHe,1 to t.he sample \'ia lill<' A,
Figure :1,2 sllows all cxplOllr.<! vic\\' of Llll' dlltmlwr, TIlt' body (I) is lII1HI,· or
brush ilBoy BERYLC025 (ASA Alloys IUl'.CoIll"llI',I, ON), Cdll'l."ll~ [J·liO (1Io,'.:1Ist
Ccllltte~e Corp" llo11~loll. 'J'X) i~ u~<:fl rflr till' dl.'dril:/ll r,',~,I·tltl'ulI,l;1t (1), A pin (:I)
3.7"
VigUTl' :3.1; lIigh pressure llrobe.
2!)
Chap/erJ, l~qllillll'(,111 IJo.·r!lil,~ 1I1lfISilfllP'I·"u·pllr.lliull, :111
I."OlIl1CC'ts Ihr high \'Oltiig.· \\'ill' ('I) 10 lin' i\~1H .'lli!. ,\11 illllul;llur ";11' (.'"1) i~ H!'t~II.\
]J1'r.\'cnl, lItdllg arournl till' IIlI' or 1111' dlallll,,·r. ('uU!il111 i" ~lll'l'li.'11 lhl'<llI~11 in"" (',
cirt'ulalf'il down t"hl\nllrl~ til '11111 rrl.·;I~"I;lllll luiit'll, Tlw IIl'all'r (l') i" WU1I11I1'1II
lhe oulrr SUrrilCC of the dlillllhcr. It i" pow"n,,1 dUlI'll wir.· II. 'I'lwnI""'nlll,I,' E ilC
aUadlOO 10 till:' tal' uf tilt' challllwr. ,\ tl.',:!i.'all,,1 t'U11llmkr ....Illrul" tl... "'ll\IM'riltuw
wilh <1;11 ilCt"lIrftcy orO,IO(:,
Prl'S!ll1n~ in 1.111' dU\llIlwr i" 1l1'llli('t1 lImlU~h inkl F, :\ llri,lj!,u,.,n so·,,1 .-I..... .,. 1110'
('Ulllpl"(~~iol1 \'01\1111(' nlld, III tilt.' "illlll' I.illl'" nllo\\',~ fur Pll",1' il'T,·ss I.. lilt' PI'l"'~lIl'1'
c0111pi\rll11(~1l1.. A l1\(Jtlulllr I'uil·lmllk·r, ("(mt;lil1in~ till' "limp].' (ti), ill ".,,,il,\' iust'rl.·"
nuC'l! lIl1-' .';I!ill is rl'lllo¥l'd, TIll: spal .'ollsisl" "r a lll'ryllilllll mplwf [,IliA (!J). 1\\'.,
(lUellc!lcll (opper g~skel.l\ (10), \''1'1''1,: gallk"lw<llIlwl' (\ I). "pll...·r (I:l) "no! ;1 llt'l',\'1Ii1l1l1
cOPI>cr support l1ul (I :I). t\ ('OlIl1ler-lIlIt (PI) HlI()\V~ for illili:.l ,·ulllpn·s..~i"l1 ur 1111'
SC'ili through iI wilshcr (1,1).
The e"lilrg.....1 l"Oil hol,I.'r i~ ~hlJlVll ill Fif,'In' :1.:1. It f'(II1,~isl~ uf I"I'FE I.u,l}' (I),
IJEI.RIN lock SCtM\' (:q, NMIt (~lJi' (·1), (·oill'lIll1l'm,..iull I"ll~ Ii), 1~>11l1tl'r"Hlr (!l)
Alld a coil colllprC!lSioll Ilen'lf (10). 'I'11f' NAill n,il (.I) i~ ""I1.It~·Ii ..111i HIl' "I''I'ltin,1
fC'l."Il-throllgh pill (Figun' :1.2, I'ilrl :1) \'ill pin 2. C:rullIlIl i:< .",tll1.1i:<II''1llodw''1'1I III<'
coil t.enninal (8) allllllll.· wall or HlI'd'illlllH'r, '1'111' f111i,1 sallllll,' (r.) is IW"l S'·.,lnl in
a ncxihlc polyct.h.llll'tic ccmllli'lf'r (Ii) and p1;lrl'll ill tlwmiJ. 1\11 X111111 12 llll'll ti~11II,v
woulld coil is Ilsed (wil'l' Kall~c 2S). 1\ lhin Imlss Slli.1I sl'I'M"h'!! 1.1.......il frlllll til"
dllllll ber walls (BoL ~h()wlI).
A scllematic diilgrl\111 or Ilu~ Pfl'!!~I1r<~ s,'ltlll is !\lllllYn ill Fi~lIr,' :1.,1, lly,lr;Illlif "il
(AW ISO grnde :12) is u~:d liS a prl.""sllrc trllllslrlitkt. '1'111' uil !'t'lwr'vuil' (7) i1< '·"11·
Ilccled to ~hf' slIpply/hypn!iS line aL 1I11~ elll.ranC:l~ of lilt' ILyllnlllli,: jm'k (Ii). Valv,' III
nllolVs for Ihe P"I~~sllrir.c:d ~r~lem 10111' 11('I'lllIlll.~11 frulli tIll' "IIIllI,r<:-ssul' Imd v;llvc' JoI
is the release pr<."Ssnrc/hyll;l....~ vi\lw:. Th(: pt(~~lItl: ~;IIIW~ '1 is l"'ft1lltlwutly "I'III1l'l·ll,,1
2.5"











FiAlIK' :1.1: lIi~h pr('S.'lure chamber.
:tl
tc the high pm;.sllrc ]ilK·. It is of Bourdoll Iyp." ,·.n·,'t'll a rall"l' Ilr :!7:l,'l k],;\r wilh
precision of ±I,I bar AIIII w.,scalibr.,lrd ;lgaiw.l a .1l-n.1 m'i~I'1 Il;~ll~" 101,1'11"" Ihall
1% ae('uraq'. Gauge 5 i~ for low lJ~IlIl-111'·"~llm'1<'lJb. Il is n'lflnall.,· .1j,.."uIl .....·"~1
from the pretallr<.' li,"-loy ".,h'f"8. It iSill1lO nf IIoK.rolon I~'IJI' wilh allul'.·r;tliu.1:; rHII,,"
of 207 kbar Ifilh pr('Ci~ll of ±O.S hal'. Va1,'(' II i~ us."!:1 f'If dll~illl: till' 1>ll'SSllrt-lilll'
whell disconn,ocling the prnlM' I. All hi"h pl"'S:Illrl- I ul,iul: illll]l'ah-,.,. ;In' 1',,1,-,] rUf
pret'lllfCS l101,·xcl.'(:ding·I.I:n kh;lr.
AIlfesSUro .~tabi1iZI~r (2) witll a kllll"·ra!.Ufl· n'glllHllIf Pl is d,'Si.c.n"l rur 11I;lill'
laillilig cOll.,lanl prcs..~Ill·I: ill lIlt' systcill \\'111'111.11<' ll'III111'I·i.lllrl'llf I.h,' >lilll.I'],' is
changed. Tliis is lll'cl"ll~il.nl.,'d by tIlt, rnd, t.lllll 1111 '-:':lwrilll(,l1l~ nr,· t'mri,·,1 ,,"I. ill
r1xed VOlll1JlCUr till- prt'S!llIrizi\\g llU'l\ium. '1'111' nlll'l'n.\.;1I1I nf I.IIl' I\,·\·i,..· is \'I'ry Milll'
pi,:. As I.he \I'll1p... ratllte is ,],'('f('il..'l<'11 {inn"'ilSl'l11 ill Hl!' !lillllp]" dHIIIIIH'f (I). Ill"
tellllM'ratllfl: of lIlC ~lahili7.I'rdlillnl}l'r (2) is illnl'llllf-ll (,1.'1'r(·;1..<;l~11. (:II,"nl..... :.! 11II.~
twice thc volnme of Cllillllhcf I and lilt, Ill..... 'lIlIilf)·l,·llllll·rilllln· nlrll'd.i,,"~ in ... ·/otuh.·
tOf:\ arc haUor thc Il'lllperllLllrc chau&''S in IlwSJlllll'l.· ..!liunlll'f I. llhilllilidy II",
the 1'fCS.'iure i, slahilizal wilhill lhe lImlfil.·y ur till' J1n~lIr,· ~"Il".'.
3.3 Sample preparation
Doth DMPC IIII itll" I)PPC [:tI]llrl~ ill till: rill'll, of MIN l41l.~I,,·nsi"lI:< 1I1 ...VI· -1II'A.
wt. llydratioll. SOlnc propl"'lil'!4 of J)I.I'(: al'" ~ rlllU'tjull !If willl'f nUll'I'ntralil 'II 1111
to 50% wi.. [:121 anll llll.'SI· !liUIl111.:s \\'t:W stlldi,111lt Iri~III'I' 1,'v"I~ ur flyllrilli"l! (~n'
helow).
Pl~rdculernl,~d lirid~ (DLI'C, lJi'viPC iI1ld IJI']'(:) w,'n' ~YlllIlI~izl'd I,y ,wyl;r1 illl!
of glycerophO!lllhocholillc wilh lhe currr.lljlulI.lill.l!; f"I.lY "";ll ,,"l1ydl'idl" 1lJ;;1l1-\ 1111'














with I,OD al :Woo(' ill ('X,('SS liDO. TIll' lillHI pflllluds 11""1"<' purili,'d lIll a l.!'i til
Spphml('x Lll·20 (PhHfIl1Hci .. lliok('h.llnk t1'\lrfl~, I'Q) 1i'll1itl dll'Ul1tillogl'ill'lt,\' f"l·
1I1n1l Hnt! (·!tlll'll \\'ilh 1O(Jly,. l'Ihallul n'lli~lilkd Io,oron' lISl', Tit" purily "f 1\lt' lil'i,l~
\\las dl('l'kctl wi1h t.hill·la,\'('!' dtrnrn"ltlgt'i\phy. All \\,,'1''' [mlllcl I" tlli~f"l,' Il,~ sill.c.1..
spols. 111'<!tlgrolllJ <!t'u((!ralf'.l I)~ll'( :.11.\ atlll 1)1'1)(~-dl:\ \1'1'1'" llllt'! hils",l ffulil A\'illtli
Polar I.ipids (Alllhasll't, AI,), (:!toksll'rnl II'JlS ohl;litwtl rmlll Si/l.lIli\ ('ll1'lllical ('",
(51.. LOllis. "10),
l'ltosllhatidrkholilll'·dlo!l's1Prul l11ixlnrl's I\'('f,' uhtailll'd h,\' ,li,~suh'illg itollt lillills
in ("[tlorofo!'1n, The sol\'t'n1 \1'1\~ ~1lhst~(III"I\I,ly t'!'lI\u\,(,tl 111\,1,,1' iI Sll't'illll "f ,lr,1' lIit rt>
gl'll. followf't! lIy fi-8 hUllts \'IICllllltl (1(',~si"lIlioll,
dOllC in '·XC('!i~ 0.1 M pliospll<lll! Imlr"f {pll 7,:l) fOf l)~I"C iIlIII IHII'e ;lllfl III
Hpptoximatcly 110 water 1ll()1'~'lIll's J!.:r DLP(: tIlUI".'II!." '1'., "I,I;,ill t1111llihlllll'lIllr
vc!>icbt (M LV) thc :mmph-s \\If'rt: stil'n:t1llllJrullgllly wit11 " lill" ~Iitss rod "I"JI'" tIl"
Inaitl ltilllsitio!l. After 1Il'{'pilratioll til!' MLV Sl1SI"'JlSiOIIS \V'~I'f' lfllllsft,t't't',1 ilIL', it

Chapter .1
Pressure Effects on the Mnin Trallsition • Dl\oIllC.
Tlw wIll'k dCl\nihc{! in t,lli~ flull'lt'r wa~ initinHy l1lot,imtt... llly 11 rI.\·SI('III'd,it' ,.111,1,\' "r
the elwin It'l1gth d('pt~nc1t'II('(' of IIU' dis{:ulllilll1ity or prupl'l·tit's Iii\(' lJila,v!'r Ihi!·klu'~~
and nrr~ IJp.r lipid at t lu' llWili tnl1lsitioll [~~I, Of <Ill Sil1.llTOlII·,1 tliill",\'1 1>( 's willI i111
evcn IIl1lllh{']' of chain GlrhOlIS, 1)i\IPC is !.Ill' shorl,!'St, rhilin It'lIgth lipid lhill still
displllyll 11 phase t:hallp;t· frolllliqllicl C'1")'sl"llo W'llItl(h'r ,II ubiI'll!. !'oudiliulis. 'I'll"
dhwontinnity in the 11f('a pl'l' lillid ill DMPC is ,llso tl ... sm,dll's!. ill til(' 11<lto"I",,;olls
serit,s.
The qlll'S1.ion illitillll.r ad(II'l'!<scd ill this work W,IS: III wllld, WilY dul's pn'!<Slln'
affect, the dis('(lIItillllity ill 1.1l(~ 11l1'~11 oril'nlat ;1"1011 ol"fll'l" l.nr:llll1·ll·r IIfTlISS ti,t· I,rall'
si1.ioll'!
For the Sl.ll\ly of prt~Sllr(' ('[rei"ls 011 I,he IIll1ill hilllsil iotl, OM I'(~ i.';1II 111'11lHpril,tl'
rhoi(:c for utlll'r rrllsons. 'I'l, is lillilllli"l'[ilp 1111 I'SS"111 illl r'·IIt.u,·"s 'Jf til(' IlHIIl/'I' dillill
hornologs alld tile klllflerlltllrc rnn;l's (lr t.ll(: I'hw\('.~ llr illt.t'n'.~t, 111'0' "<Isily 'I!'n'1osil,I,'
hot.h at low lind hiSh prt'SSlIl'l', 'I'1I{' pl1mi\' l1l'hlwioll1" or IlM PC "l hij.!,h l.n'S:<llW
ili also much simpler t.IHlII. for l~)(l\lllple, th"t of UI'!'C (dlil!,!,"I' T ulfl'rs II lH,dr,'d
dClicrilltioll of thc [Jlws(~ !Jl'lmviUllf of DPPCj.
TIll' main trilllsilioll ill diilcylphospllulipids is W~IIl~l'Ill1y I'lJlIsi,I'~rl~1 I.., rH' or lirsl
order [1,20,11,132\, IlltllOllgh SUlll'~ /lrnp"I"li,'S illlw1"I'lit. tu a SI'('UIIlI '.nll·r t,1'1I11Si·
LiOll, hll~'c also beell l'epurk,]. S.UII'Il: of tl,,: first l'I'lI'!I' fl:III.III'l:S il,,:II1fJ'~il lillil,(' dill II!!,!'
ill lhe lransition ,mthllilly with ~n IISSOc1'ltell sharp lJ('ak ill l.llf: hl'lIl rnplldl.y Illifl
:I{;
,lisn>utilIIIUlls dl;'llW'S ill I,illl)'l:r VOlllUW, l,iIMyr~r aI");' per lipid llloiccule,etc. (:hllr·
1I<:t'~ri.~li.:s, lypil'al or .. s('nlllri ord.)r tmllsi1.ioll illdll<.!l', ror CXlltIlplf', rllilier hrom[
11:1:1/ iUI,IIlILm~"IIil: vdw:il,il's !I:HI. TIll: hila}'er maill Ll"all~itioli h<l,~ hl.~'l1 [,l101lgh!.
or lIS OlTlirriul!; dn'il' 10 <l. nitk"t point iIIll! lhe hroil,l l.£,llllwra\,ul'l' r{'alul'f's nh·
s"fl'l'd l.ilVI' 111~'11 IIl.Lrillllt,I'r1 In tllf' I'rl'S,'II('P "r 111('I"I11mlYllilllljr /ltll'l,Il'lliolls. Tlu'
11l"l!;lljLtlrll' or !.IIl'SI' fhll"1.I!,lI,iuIiS jIllTPiISl'S as III!' l.nlllsiliull is ilpproildwd I~::!, ::!I·:W.
I :1.r.·I:IS!. For II l.lllmll(lfl.\'llilillir sysl.I.'ll1l1ndl'l"goitig it firsl ol"lkl' 1.rilllsil i011 dos,' to il
(TiLh'nl poillt,1.lll' t.\\'lllllillilllH ill 1.11(' rT1~' l'IlI'I'I~.r. {'orn'spolldillg \0 till' slnhk' slilli's
il1. 01" do.~,' l.o till' I.rilllsil.ioll, are l'al.hf'r br01ul Hlld I'll' transition Cilll 1Jl' l'"r"l'1'l'r! to
ilS Ill'ill,!!; "1I"t'akly first Orrll'l'''. A largl' l'hallgl' ill tIl{' order II,U',\1I1I'!('r cOI'r!'SpolllIs to
II n'lilli\'f-l,\' siliall ('IU'I'ItV .-Ilillll\". This p('r111its lilt' IllilglliLlldl' or I-Ill' flu('[ IInl intis ill
[I:I!I·I'I::!I·
III Ihi~ dlnpL.!I', L11l' Illilill Lrilll~ilillll in LJ~II'C is stlldi~'d it i.~ l.<lkell frolll the
li'luillnys',illtn ,!!;l'1 phasl' by lmw'rillg 1.1l!' lI'llllWl"ill11l'c ilt <-'Ulistillll. !>l'I'Ssllrc, amI
wll1'l1 it is l,Ikl'll rrulIl th,' ).!,l'110 liqlli() n·.v.~lidlil\e phase by rl>(llIc:ill~ PI'I'SSIl1'!: ,II
n>llslalll, 1,1'11il/I'rlllllr,,, Tlr" HI's!. spe'elr,d 11lfllllCI1tS of ('haill-lJI~rdl'HIc'n\(l'd I)i\-III('
m'.. f'{'I'nr,]I'll ilS 1Ill' n,)"I·illil. thc'l'1l]{>dYIl1Ullk qUillltitr is \·i1l'ietl. lkl<ltill~ ,IfI 10 Ill/'
dlHiu "Xll'lI~inn allows lh" Ililll.\'I'l' ;11'1'11 per liJlirlll1ul{,C:1l1(~ 10 1)(., 1lIIIIroxillllll(>([ in !.III'
\·i,.iHi1r or Ill<' Irilll.~j1.iUIi. '1'111' dat.a in 111l.' \'1lfinblcl1cIIlPI'l"f1tIHf' CilS!.' art' also IIlla·
lyl:("[ ill tl'l'lIl~ or a phc'lIol1l"llologicnl model, ,lc\'c1opcd hy Morrow /Iud cO\\'ol'kcrs
I~~J. TIll' \'ilrinli"l1~ uf 1111 ;Ire followl'r! illolltl paths ill Ml/tcllI[>l:mtmc/prcssnrc
i'<l'ill'l' aud il skl'1dl or IIU' IlI'ha\"101l1' of 1J1\,IPC ill this SjJ,Ke is proposed. In lllr!lIS
llr m'.I'l rlTain {lrdc'l', 1I1l' lirst ortlcr nalurl' of lhl' tllail! trallsitioll is \"icw(>(llIs h"jug
CIHlptC'r". Pl'f'S.~IIf(' Efrc'l'l~ Of! "I,' .\1;till T1'.111Sj,i1ll1 - 1).\11'1'.
r.nhllnct'll by 110111 e1...'nllro 1C"lllpcralnn' '''llll'n':<.~IIIl'' III \lIh.... wUl",k I,i~h 1'1\""
~Ilrc illlCllc-lIlll('falllrt' "UIIl'll'SS tlic-rmoclYl1a1l1k Il"rlllaliulls ami I ht' mai,. 1r;msiliun
in Di\\I'Coc"{'lIni dtJ:;('r Itl a (Tilirall'oilll al ' .. lIllil'lIl ,'tlllcliliIlIlS Ihan al t'II·\.,Io'l1
Im~ssure '\llli h'1llIM'ralur1'.
I>J\II'(:-Il!~, .'I1lt11pl(~ \\W,' pn'fl,lml ill 1111' ("rill til Z\II.\·, as ,I,""'....ilM'I1 ill ('!lal'll'l"
:1. III 11K' 111 N~1Il ('XIIt'ri,,1t'111s a 1'11<1111111"1 fl'l1ulrUllt,I.· ''1'hul''''lllli'll1l' W;'S 11.-;1'11.
The r./'liluls...' fluratiull was :!.$.'"I liS al Ui klollr ;1II,1 :t.!' I'S "I ',ml,i,·ul. IIll'Ssun'.
The (Illmirupnll~1.,(.'110 p"I~I' SPp<ltilliull W;,~ .IIl,,,I, Elll·1t "1"'1'lrll'll \\"11" ,,1,1 Ililll"] 1'.1'
11H.'rllp;illg ht'l.I\·I~·1I ·IUUn mill mlUll lr;lllsi,'nis i,1 I Ill' li'fl,icl l"t,l'SI.;lllilll· 1111,1 lIlt· v.,·1
4.1 Const.ant. pressure results (isobllrk t.hcrmnl e)f.ll1ll1~ioll)
1\1 alllbiCllt prcMurc, n lillOS(llllC liU~III~I,si"ll ur I)MI'(~ ill '·Xl·'...... w,,1o-r 1;11",,,,,,·111 IVl.
lower trall.,iliolllclllltCralllll· or 11IIImlxilllatf~}' I!I.;,"(: is nlr.;t'f\'l·t] illl"'I",lt'IIII'fllll',1
IH..\PC; ill t'xccllcnl agrf't'lII"lIl will, 1)... ·vi,"L~ "ll':!lillr"lll"lIbIXl!. '1'1". ,I"l'ro'S>iio"l ilt
lmllsitioll klllp.~ratlirc hll.'f IK."(.'" aurihub'lilo iStlhllM' !llIlmlilnliulI 1211, ~:ll.
fignrt' ·1.1(a) !lhows UMI'C.,I.... "I"'c:lr;l;ls h·III]"...al" ... · i!l vilri.·" HI llllll,i"ulI,n'!f'
snre antll1ll.G khar. Tlll'corrc.'Spolldillg \'I11tll'S (If til, Mt' SIIUIVII ill FiXII,.. -1.2. '1'111'
,nai,l trl111silioll b M'cn hy cll'\Il ..rinm N~lllll!l II dWIlJ.;" ill tIl!' s''''''lral li'll'sl'I'IH'l<
Iinc proi11c in tlll~ gel, wltnc t.he l'lmtrillilliutls rnUIi tlt,~ iU'livir1wtl dt'III,"flIIiS /lfl'
ill.listiugui!lhahlc. II is i\lsllllhscn~ ...llls <1llisr·hll1.itltlIlIlS i"nt'm;t' ill till' li,·sl. spl·(·tnol
momenls r~m liquid cryslal 10 ~d, \VllI'li I>M PC is t'f"IlIIfl'SS",J til I.fi kl.M, 1.lII'
IIf lilt: maill I..rIImwtioli ll~ltlrlCratllrc. dctt~nllillcd this way. i! about 2O"'C per khar
IIrlll is in 1Ir.r.ord willi pn'\'iIlIlS rrtcUUreflll'll15 [fl. ,'I2,ft'I, 87,001.
Fi,ll;urc ....~ llhOW!l the fillll llprdtill rnolllctlL"l for UMPC-d.\l A! a function oftem-
Ill'tal..lIreat illlll,iclll "r~Irl'1\lId III l.r. khar. All ,li5CIIssc<:1 carlier. I..hr,liscolltimrit)'
ill A'I .. :11"1 .11.. till' ma.il! ltilnsitioll, occlIn ilL higher ielllpcrilllrre Whl!!r pr~llfl: is
rilisl:fl. In Ir,lrlitiontn shifling tlu: lrllllsition kIl1IM:n\uf(!. Ily,lrosl..il.tic Ilrl"lo\SUrt" llro-
llun's .11I iU('I'('1!s(' in thl' ,lisnllItilluiiy of lllt'first 1lI0lllt'llt Ilcmss t.he lril.nsil.ioll. At
hi,ll,ll I)f(':\.~nw lhegt'l 1)lrlrSl' is SI~U to IlCl'sisl 10 100wr va IIll.'!! IN 1\/1, II'lric!1 snggcst!"
L1ral. lHI'ssurl' has n ,"ltllhilil.ing erred on thi,~ ll'UlliC, The J1I1 vltllll.'S in tlll'lilluid
nysl./lllirl(' plmll'l, jU!'l1. 1\1>01'1: thc Il\~;ll tC:llIsitioll, iln: lower al c1cva\l'u )ll'l':IKUI'C.
'l'IWI"f'foft" al. "I"I'/,kd 1'Il'!I.~urc. the liquid cr,\'sl/llliuc phltSC or DI\'IPC .\ccornrno-
,lail's II':\."! dll1ill 'Jrd,'1' 1.lrnn at <lllll,icnt llrt-'SlIul'c. An indicn1ion of Ihc d,-'Cre~sc<l
dr,'d. or It'lIll'crlllure 011 the liquid crystalline hilayCl' 1IL high I,~sllrc i~ t.he lowcr
rail' of f'h~ng(' in All wit.h le1U]lcra1urcat l!lCMmerclJltivc tcrnperat.lIrc'/~= 7'-'1'",.
",IK'n: '1'. i!l LIlt! mllin lr<lll!ition tClllpcra1ul1'.
Al'l,lifllliuII oflry(lroltllllic Ilressurc reduct:!' thcortkr parllmctcr il.1lhc m;,lpoin1
lI{ tile IrOlIl!litiulI. !lUM...~lill& Ihat ]Jre'\Slirc rll\'OuI'll1he formation of gel ph<lliC over
II", lillUitl f't,v!llal at tire' Sillllr degree or chain order.
A lim'u rdatiollllhill I'xists !>c1wccu the lUcan oncnta.tiol\1I.1 order 11lIramctcr ill
1111' lillui,II'r)'!ltilllilli' phmw and tlK' i\\'crilge exteullion of the IIcyl chlliu!'l (/) IIloug
111l' ll\o!t'Culllr IOllg llxis. Hillowing Seelig ami Scclilll15) and Schindler and Srelig
11,1:11. !\ilormlY, Whilchcml ami Lu [22j CXpJ'('Sll the 1I\'crllgc mCLhylcncscgmcnt axial
1,1.1)
II'h,'r(' 16; kIll': illllrt·tlcut.crium coupling con~lilnt. Thei\YCl'llgcllcyl drilin length IICI'
S1'~mclll, falclliall'ti ill thi~ \flly. is shown i\~ lI. {unction of temperature for OMPC at















Figure 1.1: DMPC-f/M spectra I1rollml tlt(~ lr1ilill traltsiLiuli lil.) ;lU,1 M"IIIII1,1 til" sllh"
transition {IJ} at ambient pff:SSllrl~ (ldLJ 111ld at Ui kl.<Ir friAht).










Fi).!,llro· .[.:!: 1)~I['(:·tlr.'l lirsl 11111l11l'1l1s I·S. ll'III[H'l'atIIH' 111 il11lbi('nt [)f('SSUfl' (l'iIT]CS)
,I lid ;11 I.fj [dwl' (l[jillIl0uds). TIll' iUI'l'I"!1'd ItillUAlt:s shOll" 11 s,'col111 {'Xllel'illwllt ill
illIIl,il'lIt I'n'sslll"l',
ilI111,il'll( pn'SSllf1' illul ill, 1.li khilr ill Figul'c ,I.:t TIll' ilhol'C ('X pression IlilS Rbo been
1'xtl'u,kd 10 Ill(' IiI'S! 11I01l1('n1. rt'slIl1,s in tilt: gel phase ai:llOugh 11 I'igOl'OliS theoretical
jll.~lili(·;llitll1 is pr('S('1111~- Ilirking, 11. should I", Iloted. though. Ihal i\!OlTo\\' aml
nJII'urk,'rs [:!:l] sho\I',-1l Hlill (111' Iu:lmviour or (I), ilS S('('ll by ~II Ni\IIL is ('ousistcnl
lr.lusiti"nl1f1d iu tIll' g,'111hilSl'.
As tilt' It'llIIWl';l(Urt' is IO\I'I'ITIl in til{' lil\llid l:fyst<lllil\l~ (llms,', (1K' 1\\'t)l'flgc dlllin
.ml,'r. 111111 thllS tIl(' dlain I'Xlt'IISiOiI. itKn~ilSI's hoth ill ill1lbiellt 1111<1 c1c\'i\tcd pres·
Sllf''. 'l'llf' sl rOllA Hl1iso! ropy or 1he l>il;l,\'I'r is lllilllirr:sted IK'((' ill the isobaric i11crease












Figul"e ,1.:1: j)J\IPC-dr"l nl"{'l"l1ge chain (':.:II'II",ioli )11'1" 1l1.,lIlyl{'II" VS, (,'lIq>f't"III,lIrr' al
IlmbicIlLprt'SslIt"c(t:irdcs)l1l1d at, I.{j klmr(lliillllOlIIls)"
tile dC('fc<lSi'd nhiliLy of the hil,lYI~r 01"(1{~T 10 1"I'spolllllu dlilll~''S ill 1{'IIIIH'rill.lIl"f'" '1'111'
trallsitioll OCt"UTS at lo\\" p'""SSIIn' \Vllf~1I I IIf' il"yl dlains {'XI,I'II.1 t" "V"!" tun A I""
scglnenL in tile liquid cr)'Sl;lllille phasf'" 1\1.lli~ll prtOS"'II"" t!Il'I.I"lInsil.il>l1 "II 1",,,,lil1l!:
occur,s whcn tlw Ii/juid crystal rlmill ('x1.f'llsif'" is ahonl. lJJH A 1"'1" 11Il'1.I1.vl"lwo Tlris
Lhfl rcdllcf~1 effect of 1I11Ctll11liolls un tll(,' li/lui,1 '",)'sLallillt'l'lJmw ,Il lri~1r pr'osslIl"!'"
in hiJayer area lwr Iipi(lllIOlcl"ul,:, Sil1l:(~ til(' 1"{'SpOIlS" of till' \'Ulllllll' "f til" Ilil"Y"f I,ll
C/tiljJI..!r 1. l'msslJff! Em.'d.~ 1m the Mllin '/'nw.<;ition . IHvII'G.
JrIull!l:ul.: ill LIn! hilayf:r [I, 11:11, lIle c1l1l1lgc in tllf: hilayer volullle lI'ith temperaLure
;Iway from tIle Irillisilioll Gill hI! lIe~lcclell as fllr as its efTce( Oll 111"('11 per lipi(1 is
I'"u((~nll"d (tIll! volullw dlilllA!! 1Ino.~.~ the tIl1lill lrllllSilioli is ilhoul ·1% [1'15]). If the
l,ilaYI:1' voluHlI' nlll tIll IS 1)(' l·lllt.~idl!rc<II:nllsUllll ml'fly from tIle ll'llnsitioll. lhe illvcrsc
of till' IJI<:ilU Irll'lhyll:ncl:xlf'llSioll (1)_1 is pnljlorlion,,1 to lhe <I\'(,1"Ilg(' Ilrm IlI'r lipid







FigUf(' ·1..1: I)MllC-rl~d illversc Illclhylelll! CXlCllSioll vs. lClllllcrallll'e al allllJicnl
pl'l'ssl1f'-' (dl'dc~) lIud lit I.fi klmr (dialilonds). The solid Hne is lhe model C(IUalioll
u( St.ilt!' fllr .~+=0.0;1O:1O lind '1'+ = t!I.25°C ill, ilm1>ient pressure (sec s('dion '1.'1).
TIll' c1n.~lll'd Iiiif' is t.lw lIIodd ('(Illation of slale for 8+=0.05005 and '/,+ = '18.27°(: at
I.fikhar.
Pre'ssure ,lllll 1,I.'lIlIJc'ra(.urc h.we differl.'nt effects 011 the phospholipid hilayer. III
Fi~ul"l' ·1.1(il). 1ILl.' ;11')"1 chain ordl.'r jusl ;,hovl.' thl' transition rail be ('ompill"cd al
alllloic'll1. prt'ssurl' ;1I]({ ai, 1.(1 klla!". Thc Ni\1Il sl'ccirlllll ilt amhicnl, pressure ilull
CJ'ilptcr <I, Pre,~sllrc Elfect:: till tire Mil;1I 'friHlsirillll - /)'\/1'('.
20~C. which is right obOI'" 1hI' llloill lrillisilinll, 11'lS 11 IIWIIUllll("",! 1I1I1"('sol\"<,d j.!;null'
of lim,'S ilt IIJlprOxillliltcly the maximulil sillitliuj.!;, This :lIlAAI',~ls Ihal ("hIS<' 10 Illl'
main trilllsiliolL, the DI\'II'(' Ilwl.hyl('lIl' llri,'nlillioll1l1 ordl'1' is l'('!'llin,I.\· nlllslanl
1I10nl; lhl'lIcyl chains rOl' ,'al'lml\s dos,' In lilt" ~IYl't'ml hadd,olw. \V\lO'n Ill" pn,,~slH'"
i,~ illcrellscd 10 l.f; khar, ])1111'<": ellle.·s 111(' liquid n.I"Slilllilll' 111I,lS" al. !"III"(' ;\11,1
the spectrlll linl'.~ corrl'S!Jollllilig to variolls lIwl lIyl"IIO' j.!;rollP,~ uloll).!; l.1w ,u'.d t"il"illl<
appelll" well resolved. This reflecls 11 n·liltin·l,r 1I11irorHI variatioll "f t,lll' IIll'thyl,'w'
ortlcr with ch<li1\ posilioll,
At Ilmhicllt prt~SlIn~, Di\lI'C lIml,'rlo(()('S 111101,111'1' transil.ion;1I uluml, j'T, 10 Illl'
.~llilpes (the spedral fe,lllll"l'S rlHlTlJ\l','1" I.halt In klill ill Fil-\lJl·(··I,I(II)), iI ,II'I"!",';I';(' in
lhe inlellsily arolll\d ±'!O kll~ iliid hy 11 Mlllall sl"llwisl' iIWl"C'iISI' ill ,1/1 willi 11I"'I'('ilsilll-\
lemperature (fi'igllre 4,2),
Application or I.U khill" deliah'S L1uo slIhtl'illlsitioli 1.1·llllll'l"ltun' 1.0 ;11'0111. :!(J"(:
ilnplyillg a sllbtransitioll IlrC'lSlIre codlidl.,rtl ror l.hi.~ tI'IlIIJl'r;ll,IIl"l' II Hjlpl"llxilllilL,'ly
sac..: [leI' kh"r. This valli{' is sHllllll'r tlinll that. fur Lilt.' lIl/tilll.l"illlsil.ioll 1"IlII'"n,l,tlr<'.
prolJilhly due to the higlwr {'hHili ol'II(~r ltll/llwlI("('low(\r l'OIIl!U'('ssihilil,y "I' \.Ill' l>iIH.wl'
at low temperatures.
4.2 Constnnt temperature results (isothermnl comp.·cssion)
\Vllen heated abolle the ambiellt JJr(~SlIrt: milill tr;lIIsil,ion ll'llIlH'rnluu' 111111 tJlI'li
into a more orrlered rh;IS1~, Figlln~ ,I." sllo\\'s ,~t~Ie('ll',1 ,It''II,''rilrlll NI\'III sllt','1.rit
aronnd t1w pr,~sslll'c-illlllJ(;(:d Imdll triHlsitioli fur ~!i, :jr, illlri 11!j"(:. Fr"lIl 1.11l' r!"II-
leriultl NMR perspccti\,'~.lhis higher ordm' phil.~l: (Figlll"f' '1.'1, lop '~JWdril) iM irl':II1.i·
cal with the low lcmperalllrc gel plH~~e ()lJsI~r\"l',1 at <LI/II,i':ut Im'ss'II'" (Figllrr' 4.1 (iI),
lllp ~pedra). SOlrll: spedra al lhe lransition l'ppl~ilr lo he il sllperposil,ioll of liljllid
aystilJliJll~ ilml ~c1 ~Ill'dfll\ which most prolJahly reflects the filel 111ill the ~tllc1­
il:11 systl~m is llcLll1dly all ellsl)mhle of slllillkr .~ystCHJS, Ilamely the illdividufll lipo-
SUllieS. Minor vnriatiolll; ill vesicle sizc', lip;(l cOlllpos;tioll ilud hYllration milY result
ill slip;lllly llilfl~fI~llt tralisitilJJJ pn..'sslll"C.~ for tile ilillividwliliposotrlcs. III this ~cmw.
till" IJl('a:-llll'c~r1 trillisitioll I'fI':-ISlire is illl 1I\'er<l,l;e over n V('l")' ]lII'W' llllllllwf of .~llb·
.sY:-ll.1:llls (typic'ilily Illmlll. JfJl'). The filet tllilt tlw'i(' Inixed spl~clnl 111"1' not, M'('ll ill
til" t':lHlll'ratul"l' eX]ll'rilll<'lIt \~ partly dlle to 1111' tClllperillnrc width of tllc 1111lin
trHn.~itioll hdllJ.: sli~htly :-III wiler lhilll the Olll' dl~grel~ stcp~ IISl'll, wldle I,lic efree-
!,iVl,ly sHlilller preSSllfI' .~tep~ arc probably comparable 10 tile maiu trallsitiou width
-l'tltl·--=:;"il------;'.-~-.'"~IOO·~~-:-,---:
kl17. klh:
Fip;llrl' ·1.5: ))J\] PC.rI~.1 spl'ctra at fUllStll1lt kmpl'rntl1l'(, for :!il'C, :J!j'C ilnd ,II,"C.
I'n'ssnn' ill klJilr is shown Iwxt 10 "aeh ~IJI'dr1l1ll.
CllillJlcr 'I. PIT's.~lIrc f.:frl'CIS 011 Ille :\Iain Tr;I/l.~ilillll - /):\11'('.
Figut('·1.6 show.!! 1)~II)C,t1,\.1 ,1/. all a fUl1rli\l1l Hr 1'1"l'S.~llr.' ill 1.'"1. '\;'1 au.1 ,1;.-( . I·....r
.'aeh lClIl!>eratutl.,the lIlain trallsilion is Sl.'l11 all;' tliJl('\llltillllnuS dl;tl1~.' ill M •. '\10
lhe temperature is IIICf('aS\'l\' th" 1011,(' or this "h<lI1~" iIU't!'ill<t'S. .\11 is I'r<llKlrtiull;t1
10 the llU'iUl acyl rlla;u urcll'r ill tht,li.lu;,! rr.\'st;,llitl" Illla:;.' <lml, I.. " ",'rl .. in "slo'lll,
llt'<:reasc slightly. This ;llIlinllc$ lhal, at 11iglwr t"l1lp.'r;lll1n'. till' f"rm;ll.i"l1 uf a ~,'l
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Figure .1,(;; D]\'IPC·,lr", lir,~l. sp.~dral l1Il1l1l1:uls VI<. 111"'1010111"1' al. :l!'I~C (,lil'llIO>!IrlS},
:!5°C (circles) IIllrl 'Ir,·C (irrv,:rlf'cl Lril\ll~I,'s).
1'~lllpl~l"allll'l~ 1I11l11l1l' w'~lIkl~I'lh~I)l'lllklln~ uf M I WI pn~~SlIl'l' i1\ (he lilillil1qysl1lllillc
I'fJas,~ 11I';lr LlII' Idghl:r 1.l:lIIpl~ri\lllrf' lrml~i1.iHtI sugppsl Ulflt, fit low!'l" h'lll]lI'r"tufc.
li'l"i,1 nystill DMI'C Gill ilCl'UI!1l1l01I"LI' !"rA!'l" s(;illl' lIudllaliolls, so lhill 1.11l~ IIll1in
l,rilJl.~iti1J1I is IIf 11 "\V('llk,'r first untllr" UIll.Url' HUrl l'I{)!;er to a nitical painl lhall at
ll;AIII'l" 1I'mpl'rlltl1l"p.
III till: liquid nysl."llilll' ph liS". l.IlI' t"l'slIlt~ for Ow 1111 (;lll"\',ltlll'" ("illl Ilf' ill!pr-
Ilr!'!.I'11 in I.,'rllls ,Jf 1111' IU,';1l\ axilllcitnill "Xll'llsioll Jler 111t'lhyleul' p;rullp. 1"i,l;lln'
'I. i slloll',s UU';'U ,'xtl~usifJl1 IJl'r SI'p';IlH'lIt I-"klll"I('(1 by ;lIlplyillg 1';qlllltiOIl ,I. I 10 !lotll
1.l11~ liquid t'fysl,al lind W'I M, valll"s of Fig1ll'" ,l.fi. The HPIHH'cUt lliirklll'SS of t.1ll!
hy,lrol'hol!il' t"l'gioJl of till' llilnYl-'r. ,'a!cul"tl'd t Ilis way, inn('fl.~{'S with preSS1l1"l' (or
allllll,t."llljWr;ll11I'I'S./\ Iln's.sllrf'·illdlll"l',liIKrl"ISI'illlh"llihl.l'l'rthickIlPSsllilSIIl't:11
I'Xlll'rinr"lll11IJ,\' ohs,'rvl'll by .~tt11l1l angle ll"Il1rOll sCIll.1.eriug [90. I!JI HlIll Itns IH't.'1I
11...on'lindly ,1,'scrilJl'l! (i\LD, Wllilmorf', Ilri\"i1tt'l:OtIlttl1lllil·ation). ']'IJ(' illnl'ilS" in
(I) Hu,1 illl willi pn'sxul'l-' is sIlWllNHt·I.'j°(~ 1.lWll allower lI'lltlleralm'l' indicating a
TIll' iUI'NSI' ..f lIll' l\:'I:ill1 chain Iellgth p(~r IIlcl.llylcul~ (1)-1 is ~holl'n ill Jligmc
,1.1\ liS II fUllct,ioll of IIPl'li"11 pl"l'SSllre for t.lm'l' difrcrclIl tl:tlt[ll~riltllres. Sillc,' tllc
iSllttll'rl1l1l1 VOIUlll(! ("otllpnOj;sihility of the billl}'l'l' is lIIuch sTTllllll'r than tIll' isntlu:rmal
iln'" ('OIIIIJt"l'ssihility fl, 11:11, lltl' 1'01111111' dl;III~I"S Cflll 1m Ill'g!l't'lcd ill ("olllllilrisOlI
wit,1t 1111' dWl1~"s in ,11""<1 iliid (1)_1 ,'llll hl' cOllsidcrt'd 1.0 he Ilt"Ollortiolllll to tllc a'-cit
jll'l" lil'i,ll11ol"(·ull'.
,\ dus!'r look at 11ll' Slll'd,ral thllllges in the li'luid cry~tallillc phll~e provides
Sellll,' ll,~,'ful iuforlltlltio1t ahout UIC order or tit" Heyl cJ1I1iw;. III the liquid cryxl.alliuc
plllls,'. ror ":'I:;llllp1l', tltl' spl'f1.ra corresponding to prcssures itllllledia1.dy 1",1011' t.hc













Figlln: 'I.i: D~lPC-dM il\O(°rilgc Chilill (Oxl.!'IIHioli IWI" IIU'Llly!l'II" \'.~. 1II",·.~Slll"· at ~r,oc
(diamonds), :1.'j°C (circles) flllil '1.'j·C (illV<~I'1.('r11.riHll~!l'S).
The .~pef.lrul1l at. :!.'j·C illill o.~;! klHIl' r('\"'~lb illl 1I11l'I'Soh·(·r1 ~rollp of lilll'S i1t, ;11'1'1'lI)('
imatcly lIlaximulll splittillg. Such a gl"ollpillj!; Sll~I'H!'S llliit. t.11l' or,]"" pal";IIIH'!'I'!" flf
Lhe methylene groups dOlw to t.lw ,:;Iyn,,.ol l..wkIHllI'· ,1"1>1"11.1:-1 lit,U,· lIll 1,1... I'al"lil'"
position <llong the fu:yl d\ilills. [n (Olll!lfiristlil 1.111' Hp"I·\.l'l1l11 al ,Ir,oc mill 1.21 khar
II<1H a relatively uniforru dist.l"ilmtioll of lI1l'tllyl"IIP,II'utl'!'Ull HpliU.iuj!;.~ oVI'l" l.lll' wlloll'
plt1tcilll region.
403 DMPC 1\11 in the pressure and telllperature space












Figlll"l~ Il.oS: DMPC-tlr.4 illvrrsc chaill exlcllsi01J per I11ctllyll:lI(' vs. prl'sslIl'l'M, 2·'j°C
(di<lIlIlJllds), :lrjGC (dl'eles) 1l!l<145°C (illVC'l'll'd trinugll's).
All lJ('WSS tile 11lain IT<lllsitioll is SCClJ to inCr('ilS(: with both pressure alld telllpcrn-
tlll"(~, The 11ifferl~nces br:twel'n the lillUid cr)'stnIJine and thll gel pllases arc ClIll<lIlCl'(l
nud the llIniutrnusitioll !JecollWs heUer pronoliliced, or "more first order". 11.(. hoI I.
higlwr !ll'CSS\Il'I' rOl- isobaric 1':qlCrimcnls and higher tcm]lcratuTl' for isothel'mal ('x-
pl'rillieuts. Figure ,UI also suggests tlmt tIle ,lirrercnces betwcen the [iqui.1 crystal
sun', 'I'hcrdon' 1.I1l: first Imler charader of the plmse lrallsition betwccli L" and
L
"
• IlIHlst'l'l ill hydraltld DMI'C l'alJllol be rernol'ed hy lly<lrostatic compression, The
s.r.~t'·ll1 lIf1p,·"rs to ilpproach II critical point from "above" ill hydrostatic pressllTc
;lIulll·tll!l(·rnl,\ITI·SI';lre.
It. is ill!eresl.illg to lIote tllil!., in some ways. hydrostatic pressure alfccts t.he hilayer
ClJaptcr ,I. PrcRlUI"(' Elrt,t.-Is 011 II,I:' t\I.';/I Tr"',s;lill/l - /HI/'('. !'ill
Pigurc,1.9: DMPC-tl,w AI. vs. 11~llrc and te'IIlIK'ratllr.,. Al, ill !thulvlI in s-' x Ill-:l:
diamonds rcprcscnl cxperimcnlal poinls ~l iIlultiellt "rc':\.'(lIo' ~1I1l1 I.C; kl.i,r, "ne! III
25"C, :J.'}"C 1\1111 '15"C. Solicilillt'S arc all eXlraIK)I.,lioll at Lllf' main transilillil alltllll
the borders of lhe eXI)Crilllt'nlal fl"gion. '1'111' ,1iC.:d.·,lol.te..1 lilli' slLuws lilt' :ml,lr;lIIsi·
lion.
in n \'lay !limilar lo an c1fr"Cth'c Chllill length increAse, Fur c·X~lllllllc.. lIlC' ill'plirlitiull
or pressure c1c\'3lcs the transition tellll'f~rilt"rc'uf till' InIIP(: snsllc~nsifln til il vo.lllc'
Illclhylellcs longer (Oppel, Tht~ dl1l11KC iu tl1C' Clrhmtlltilm~.l o,.,I,·r IWflLl1l1·t.,'r ,\I:tllSS
the main transition ;11 I)I'PC is larger lhiln llHll in I)~'II'C; [~21. l'rC'SSlITl' is "IN'TV/,,1
Lo incrca$e Lhe M, diM<:oULi11l,ily nlllMl'(; LraLLsiLioLi 0111 wdl. /\I!\(l, tlw,'llrvaLllnJ ;'\
JIll versus temperAture ill 1I1l~ ill1l1lcllillle virinit.y of till: IlII.ill l.fl1llsiJ.ioli is sllwlll'j'
in DPPC lIum in UMPC and i~ lowcrc:lll>y Ill'IOSSIll'I: ill UMl'C. Bridly, H..'i Morrow
And coworket!l point oull221 for illIIlJil!ul pn$.~lln~, UM PC; ll",ll:r~uc~ it "iliLsl' dlltllA'!
(,'11II/1(I:r 1. 1'm."~I/'c gncr;ts on tlw Main '/hllls;t;on - DMPC. 51
,:JClSl~' to it ,",itk,.] POllit tlUlIi Iloes I)PPC. Ilydrostatic pfCSSlln' prollllccs c1limges
in I}M I'C whkh mrrespol1d to an increase in Sl.'p~f1(ti(J1l lleiwe"11 tile' lnHlsitioli ilnd
tlll~ ':ritil",t1 point. In lids sr:t1st:, r:oJlJpressed DMPC ilpproaclles l]1(' stalr: of amhienl
J""SSIII't: 1)1'1'(:"
Fi~'lrl~ 4.!J ,lIst, I-;ives iIll ilitlicalilJll of tIll: l.rcllll ill the l'J'csslln: hehaviour of tIle
snbll'llll.~itioli leml,,·rllllll"I'. The d'ISIt·tloHI:tl lille illdica1.cs tIll' i1llpellr<mt"l: of somc
/'r I'It,l.~': ItS Ull' IWI'SSlIff' is devaled frolll U 10 1.1i kh1lr. TIle snhlnmsitioll 11:m-
1I11d I,y 111l' spr'dr,ll ChIlIlW.'S occUl"ring ilt the same ternpcmlllres. The flreSS\lrc~ ro-
r'lfil:il'lIl" of l.llI: sul,transition is olllliollsly llilfercut [mill thill of lhe main trAnsit.ion.
In l.he 1"i1SI~ of J)LPC the r1iffl~fI"llt r!epcJ]llellcf' of vilriOtl!i tmmition telllpcrat.ures to
Pl't'SSll!"l' I','sulls ill sl'pilml,ion of lhe liqnid crystililinc pllilst: (or its modiHt't1 rcgion
I'r j:WIl JUlll Utel:rystilllillc pliasl', ilS dbcllssed lall'r ill chapter 5.
4,1 Modeling or the trallsition
A ll11l\lht~T of Sllll;slil:lI[ HlI:dmniclI111l0l.lehs ha\"e IWCll dl'\'elopcd 10 lliSCll~S the phe-
nUlll('lllt lL~sorinlcll willI thc tl"all~ilioll [rom liquill crystalline to gd philse ill plta~.
pliolit)il[s. Ilol,1l lllicmscopil' 12fi, [:IS, !-lu, Ifij alltl phenolllcllologicill [2:.J., :H. 2G,
1:1:)·1:17. 1·lil] 11Pllfl.>1,clll.'S h1l\'e bl.'Cn Jlsetlto lldllr(.'8s changes ill IIIClllhflllll' cOlllpres~-
ihility, ;nll JlcJ'llU~<lbility, l'lilsl.icity, etc.
A !,illIllilll·typc phCnOJlJCllologiclll model, {22, 137), can be used far compat"il<Qll
of 1)1\11'(: It'lll!,cmtlll"f' hchal'iflur llt1l111bienl and elevated pressure. Thc model is
h"sl,tl Oil I\. [flOC: I:lll'rgy ('xpnI1SiOll in teTms of area pt.·f lipid ill lhe vicinity of the
lIl1lin l,!'llilsil-ioll. 1\11 tel'lllS in the expansion higher than the fourl1l ortlcr term,
h,\\"(' Iw('n dis(:imll'(l. TIlf' 1"1'11111ining II'nding l.('rms have heen shown to describe
adl'qllilh,ly illl t'l'~l'nliill f(~ilturcs of l,lll' hililyer Illilin lransilion [22. :lei, 1:171. III
Cllllpler ,I. Pressure EIliX:ts Or! ti,e ,\/l1iu Trilll~irilln . IJiHIIC',
varying some cllvironmcnl,lll pilfa1\ld{'r~. ~l1dl a.< till' 111<'Illl"'i111l' l'''11IIH1~il illil II:li],
its ionic ellvironmcnt ['l·ll.d,c., ill :lu~h n \\'l1Y t\ml, Ill\' Ili~""lltil1l1i\y ill 1I1l' I'hy~i<";11
properties of the hiinyci' nt till' Inain Inll~il.i(lll \"~Ini.•h,,,, ;I\. ~Illlll' IC'111Ill'I";llllrt' '1:.,
Bcyond thi~ lC1l1[Wfill.urc tlli~ hi IllyI'I" is in il sil\~lc' lIlias,'.
An onlcr p'1Tamclel·nlll hi: dclillcd ;IS ['l'l]
(.!.:!}
"1:.• II. is
idclltificd as the value of (1)-1 at. lIlC: IllidllUilll, of tIl!' l,rilll~itinil. 'I'hc' "1"1[,'1' IHlralll,'I"1"
is positive and increasing witli LC1I1pcmLurl' ill 1.l1f' liquid ny~1.1111in,' I'IIi1s(', full"win~
tllc temperatu1"c bclmviolll' of tile al'f~,1. [WI' lipid IlIot('I'nll', liS :1110\\'11 ill Fi~lIn' ,LII1.
The I:xpressioll for the ftl'C energy ill terms of pm\'f'1'.~ of this ordl't' pilnlnll'l,I'!' i.~ It.!]
[" .,' ]G' = Gu ~ +(1('1' - '/~)~ + /i('I;" - "')., , (,1.:1)
where {J > 0 I1ml 0 > 0, (;u is 01 C01\Sllll1t p;ivill~ tile llvt'l'all SI'lll.. of tl1l' fr"I' "111'r~y,
For the lipid to hi: ill !,(!llilihrilllll, I.lII' f1'('(' !'llI'l"/lY IllUStllilV<' 11 111illillllllll, 11I'1ll'I'
all c<llIation of state call he o1JlaiJlI~d hy l1lillill1i~,in~ 1.111' rt'!~, I'lll'rltY to AiV!'
~ = Gu[.,:I+ o ('I'- '1;.) .• +{1('/;" - '1')]:;; fl. (,1.'1)
(Equ,1tion '1.'1), <Ire the Sililiotiak ASSlllllill,l; 1";" - '1'1 ~ I'/~ - ";,,1, 1.I1I'ir l'wat.i"l1
call he determined by illl ill~rativc prOf;l'dIlTl~ wllidl Iwp;ins wilh fl[,I,i1illill~ "II illili;d
across tile trllllsitioll, and of













Figure ,1.10: DMI'C-Il.\'l order rnramclcr.~ = ((1)_1 - (q_I)/(I,j_1 I·S. 1,I.'l11pl'ratUrI'
at. lllnhimlt. prcs~ure (circl,~s) and 1.6 khar (<lilll11011ds).
wlwre 6 = '~l - '~g i.~ tire d\ange ill order parameter across the main trallsition. The
values illitiilily dctcrlllillL'{1 ill this way Me then Ilsed ror lilting the ,lilt.. rrom Figure
·1.10. The equation of .~tate ('all he rewritten in the forlll [221
(·1.6)
wlll,rt, f, = ,~ - 11+. The l<-'ll1perilLlIrc i.~ first. ploUed versus [3(6/",+)~+ (8{1I+ rl In
LIl{'sc' !;OllTllilliltcs the expcrimellla( points lit 011 a straight line. Thcll "'+ is adjusted
nud l"I',clllcrrd in the coordinal,e Lrnnsrormatioll, Equation '1.6, until the values of
'1'+ ,lell'rlllil1l,t1 from the slolle and the inlercept agrC{!.
Th<-' telllllernturf', plolll'<l versus [3(8{8+)2 +(8/8+)31. is showl! ill Figure ·1.11.
TIll' filial \"alul's ror .~+ nnd {fc}-l cau h(' llsed for dclcrmilliltion or the paramders
CJI1.ptcr 4. Pressure E/fCfI~ 011 tile illili" '1'r,llll'itj"lI' 1)'\/1'('.
in tllc equation of :Ill'lt('. TIlC' solilllilll'S ill Fi';lIn'.1..t lIn'lllt' ''(lllilliull!! lIf 1'la1l' fur
ilmbicnt pll."Sl;ure lItul 1.5 kll<lr, ohlnilll'(l fur "+ = O.lI:Ul:~II'lIlll (0- 1 = 1.11;,:1,\ -',
ami .'1+ = O.O506.'l lIud (1r)-1 = 1.0!1S A-I. n"'I"'(·lh,,'ly. TIlt' !!l'in,"lallt'1l11"'rallln.,..
and 50.5"<:. Once.'l+ IIl1tl ., .... arc d"lcrmillt"ll. tllC' 1101r;IIllC'lc'r p. wllio-II i!! n'I;,lnl t"
the curvaLure of .'I V!!. T llCiU 1I1(' spillOllill. rau hi' rale-lllill.,,1 fmm l:toll
t1 = p:~1:~"*l" 1·1.7)
The lower vnluc ill llip;lt pl'C'1'1'lIl'" in.lit.:;ll('!< 11 hi~llL'r "111'1'111.111'" al tltl' !<I'ililltlal ;'1101
l'e/lects the rcdllcCillll!.cl'lll cOllll'r~sihilil.y uf !.lll' lIil;\)'c'!' ;\1 l,rl khat". ,\ 1'lIl\lIll;II'.\" Ilf
the parameLers, determined hy IlWllllS of ,,1](' 1110,11,1 uf ~IHI'l'UI\', Whil,I'll,',ul all,1 1.11










Tablc 4.1: Some t1,ermodYlullllic al,,1 1l11I'llum,·uulugi"IlII';ttilllwl.,'rs fUf 1>:\11'(: at
mnhicnt pressure and l.!i khilt.
Stl'ictly spcaking tl1l' procc(hlfl~ llc:scribell Hhu\"i' i.~ jlostiJj"d f"r till' Ji'luid ,.,..\"~
tnl1inc phase only. Tlu: resnllM of l'\,[orrmv, Whill'lll:illi HlIII I.u 111). ll,,,u/.\II, ~11"w
that fits, ohtaincd llsillg ,lala rrolll tllc liqllid rfy~lnllilll: pI illS" "IUI Ill' "xtt'H]J"IIII,',j
succcsdully to lhe gel plrIL'lC uf DMI'C 1)\"I~r 11 rdlltivdy hrwl,1 t'~lllp"rilllln' illlnwd
vicinity of the transition. This leilds to till: ...",c111Si"ll tlillt lilt· IJillly"r "lHIS<' I...·
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Figul'p ·1.11: Tl'l1ll'l'rnLllrl' I'('r~u~ :I((.~-.~+ l/.,+)'l+( .• _,.... )/.~+r\ ilt ambicnt pl'eS~lIrp.
(l'irrlf'~) illld I.(i kllilr (U;llIIl(Jlld~).
1111('I,Ui11.iOlI~ pfi. J :1·11. bolll ill the fluid I1ml ill Ih(' gcl pllns,.'''' 'l'IIl' an1hil'IlL prcs~lIn'
rI'l'ults for Imlh {lilud 1.I1l' If'lIl!leriltlire l/{'llill'iollr of 1.111' gel phl1se. discIIss('d !Ieft',
aAr"" wdl willi IIIP l11eil~1l1'f'11ll'llt~ I)~' aIOI'l'O\l' nUll coworker'S [221. ,\1 high pr('ssur~.
Ih(}ll~h, 111I'I'qll;ll.ioll of ~("tl~ ohtllilled from fhe lill\1id cryslalline dlllll does uot
d".'nillf' I,lli' gl'l pha.'l' 11',,11. [II defcl'lllillill,ioll of (f)-I, ":t. 'Hld 'J,:!:, ill! CCjlliltioli of
.• I,nl,· is sOllghl ~1Ir11 tim!. Ilw il11:'H·diat" \'icillily of the frilllsitioJl on the gel side is
l11l1trllt'll. ilS nril;illillly illll'mll'd iJl tli,' llIudf'l. It j., dcarly ~eclI from Figure ,1.-1 tllil1
11IPn' .\rI' I-wo ('lll1ill,j(tIIS of ~\iltc - 0111' for \he lifll1il! crystilililll' ilnd one for the gel
phl1s(" 'I'll<' pl'f's~lIrl··illtlu('l·d llilllCllilig of ,~(T) ill till' 1i1luid IT)'stilllilll' phil~e rl'snlls
,}Ilst'n't'll (·xpf·ritlll'lllall.l'.
C/Japlcr ". PrcMlUn' WfC'CllI 011 tIll' ,\Iilj" '''r,111.~j,jOu • 1>,\11'(',
Another manifestation of Ill<' (lIndillllt'lllal dilfpn'ut't'>l 111'1\1''''11 Iht·,·lf...·ls "f 1"11\-
IX!lIdenrc of til(' Uft!('r I'armll('t"r ," Olt ])O·!'llun·. Fip;un' ,1.12 s!ltl\\·s lIlt' "nl"r par,lll1-
('ler as 11('1i1lct:1 ill E111Ill.LiulL ,1.2. ,\ ,"OOr,lillal,' Irallsfurll1al i"n uf 111<' f"rlll ('''/''1 - Ir'
lilleariscsLlll'l'xrcril1l(,lltll.l'''llHdiollsuf:<lalt· f"r:!r,. ;~,all.I·lr,·(·, A pl"L ••fl'rl'l<."lIrt·







n.S 1.11 IS 2.11
I·r...'!o....urelkhnrl
Figure ,1.12: DMPC·/lr,,1 (trller paf1lmett~r,' = ({I)-I - (1,.)-1)/(/,.)-1 \'s. l,n'Sslln·1l1.



























FiAur,' ·1.1:1: I'ro~"lIn' \·f'rsll.~ ( .• - ."+)/."+ fl Illot lit 2!iO(: «(ll'"l1oll(ls), 'l:iO(: «'irde~)
,111,1 '1:1°(: (ill\"l'rl.i'lllriilll~lc'S).
1.5 SlIllImnry
l!l'ralllf"(' WMI mrit'll 1111' tlisrolll.inuity ill th('lirsl SIM'l'lr<l1 1II0nlt'1I1s W<l~ fOlllld to
in('n'i'St;' wilh pressurc', ,111 was IlSf'llas <111 in,lkJllor of tlw thickness uf 1111' hilllyt'r
hydrupllllbir n'gioll allil tlr 1.111' in\'c'rscor IIll' hilnyc'!' lIrt:il per 11Io11~f\lI(', Till' l.hkklll'ss
or Ilu' 1IlI'llIlll'illlC' hYIIl'tll'lluhir rq~iull WlI." roullll 1,0 inrrcH!ow liS I-Ill' 1I:11lrM~1"llllln' Wll.~
11""""<lS"11. This drl'rl, was I"s.. prolioulKI'fl i\\ high pn'SSll!"l'. A I'hl'nolllPl1olop;ind
1,10,1,,1 was abll Ilsl'li III \'011111;11"(" hf~ lImbic'l1lmll l l,ip;11 lu'csslIrc hcllll\'iollt of ));\IPC,
Tile' disl.ilnn' lll't,\lTt'U till' transition 1f'lI1pt.'Tillnrt: allli the spiumllli h~1tlIM.'TlltIlTl~, liS
GIIa.p,er·J. Pf{'.~StlJ'c EfI,'cls lfll ,11,' Miliu 'frilll,iliOlI - IJ,\I/,(',
l('{llo t.he cOlidusi<Jll Ihat t Ill' mail! Ir;l\I"il iOI\ "I ilillhi,'ul I,n'ssnr<' ",','lIfS d"s"1" II'
was strollg<'r aL lowN 1l'lllIHTollnl"l's. h \\"<lS rOIlI'llIdl,d 1!lll1 t.Iw fUl .. of 111<'1"111.,,1,1"'
llillHic llllCtlli1tiOlls is dillliuislll'll hy lii/!.h h'111Iwr;I!.1lI"t' nlld tlw\ till' l>illly"1' I'IIi1s,'
1,!"III1Sit.ioll otTIll'l' (;losl'I' I" <l nili"all'"inl III 1,,11'1'1' t'·llll1"l'iIl.lll"l'.
'1'111' ('{fer's of 1'1'('~slln' Ilild 1I'lllp,'r"tll1"t' Oil 1)j\11'('·r!.'<! I\"('T!' ""Hll';II"·'1. TIll'
l'('SIHJ1lS1' of th,' billl.IW 10 "'JIllpr('s,~iull (11" 11t';ltillJ!, \"11S [nlilid 1<' hc' w"llkl'f at. IliJ!,h
]II"I'SSlll"l' llIU! 'l'nll){~rntlll"t.' ,IHlu lllll!l'r il1111,i1'11I flIlI,lil.illl\s. l'I"I':'.~IIl'I' ;11\,1 1"llll"'ra
lun' IW'l'I' l'lludmkd to "Illialll'" t.11l' first ordl'1' "hlll"l1d"risl i,'s ,,[ Iflt, 1),\fl'(' 1'I"i"
1l"ilusit.ion,
Chnpter Ii
DI,PC - Phnse Dchnviour llnd Dynamics
MIIII}' physind prol}('rl.i,',~ \\'ilhill till' filtllily o[ dis"ll1rllll"! dia,'."1 I'('s dt'Ill"1(1 011
tIlt' 1"11/\1.11 of 1111' Ily,lrlll',lrIIOiI r1lOlifls, III a r"~'l'lI] dl'1l1l'rilllll N~11l ,~l,lIIl.1"' ~loJ'rulI'
illUll'owurkns (ll] ,lisnlssl',1 till' d"lK'lId"rlf'f' u[ till' maill II'illlsiliorl lI·llIpl'ral.urP.
'·II1.llalpy ,111,11111' ,Iisflmtillllil)' in llu'ori('nt,ltiouHI on],'rull ],111' 01(",1"1 dlaiu h'I1Jo!;tlr ill
~II1.ur;dl'd I'C's wil.ll IS, Iii. 1·1 IIlIIl 11 "arilUll.~ ill til<' l'IlHil1s, ,\ ~1'·i1d.r d"(T"HS" ill
1.11<1<l'lmrilllll'Il'I'S is n'llllrl,·,I,,~ 1111' ..hainl"llgth i.,; ,1,,<:!,,'IIHl'd fnllli Ii' to 1,1 1'11,.1 'OilS.
'nil' I~ "i1I'I,(,u Ilolllolug (IJ1,!'(:) dOl'S 11111 folio\\' Ihi:; I r<~II,t Sill"" ils IlHlili lrill1,'<illo!l
i:; ol>,,"lln',1 b.r Ill<' ill]I'f\'f'llli,,"uf il I.rnlisili"ll iulu a I110T!' ord("rt~1 rryslllllill" 1,1101S1'
[;11, :11), (:lllurirlldrit' ~ludif's shuI\' i1 hrtJill1 pl'ilk ill (':-;t,',';s hcat. r,q)(Wily, Hss".. illl,'<!
wilh 111l' illllbil'lll j)l'i'SslIn' I ransiliOll ill I>J.I'C. Thi:- IJ(';lk i:- SOIlIl'l;nl<'s rc.·solnllJl,·
inlo 111'0 :;t.'·ps: 11 IIlu'mll' OUt' lit. 10\1'(']" 1('11II)I'rHtu1"I' alld a Immd, f!(lorl,l' ,I"[illt'd
Ilip,Ir"I'(,oI1II1l'rOlllln'f"llllIl"l' [:11.:11.:l.'i. I,m). Ind"III"rilllll,\i;\IHIIIl'Il)\\'I"UIIWl'iIIUfl'
r~'iltllr,' ill1lwars a" H !;lrj:;I' ,jiSfUlIli.l\litr ill \.\1" fil's] "]wrll',,l 11lUI1I1'11t, 'I'll<' Ili1-\\II'\
1,'11I1I4'rll1 111'1' f'·,11.1I1'(' ('11111101 IU'd"arlyidl'lIlili('d [rlJlll t.1H'.u1 1~'HllH·I'at.lIl·('IIl'lli1\·i()lIr.
'1'1". hnmd f4'011111"<' ill till' (':-;I'l'ss h('lll (,i1pad1.y hOls 1"('('1.'1111.1' lwell ;1s.~o("il11('d wi ..h til<'
I.l'1lllsi!,juli frlllH till' IlSIIHI [i'lui" ny"I01l1il1l' flI111sI' iul.o lI11IlUllSII<lI!lllid pl101~c.' IHbd(,,1
I,J' [:1:1\. X-rOl,I' T!'SII!tS illlli\"lltl'll "l)I11.iIlIlUIlS \'ariill,iol1 of bilay~'r )lrnl)('1'ti(~sas DLI'C
"lIil'rs IllI' Lr plla",' [mIll Ill<' L" pll;lSl' [:I(j], 'I'1I'.'rl.' is UI) ('\'i41:-r1f<' uf pusil.iowrl
..... I,·rinp; witllilllll,' hil".I',·r.
[II IllI' pn'l"iUll" dl;1f114'l'. Ih"('I[(-'('1 of 1I,\"(Ir(~o;l"l,ic prt'SSlIl'C nn \11l' phosphol;llid
hi1<\.lw\\'as slrown to Ill'II11HlogllllS to 1111 f'lr('("1iwrhlliulcligth ill('rc'~se. Il is llrerdol,(,
Cllllplr( 5, DU'C - Plul,O(j' Url'il\'illu( ;11I11 /)YUiHl.il'1l !ill
or l'l IOllgt'T rlLilili hUlllolt¥;. III Ilarlinilar. il i~ 11t1S"ihll'lh1l1 I Ill' 1r<lIlSilio.~1 fr.,m lilpli.1
tT)'stallo p;d 111iAh! h(: S1,I,Uill('t1 rnllil till' ll11i.1 In rr~'''llll1illl' Irilll"ilitOlI. Ir lllis j"
IIIC (·lIst'. all 11lll~'!'!Itillldill~ur Ih"I'r~'''I;\llill'' I'hl1"" "1"";lil~·. r.'I;,li\~·I .. Ih,'llij.:,h
111l'llSUtr Ad illl/lllll' I.r ]llIaS(' "'(lUl,1 Il(' tI( maj••r "i~rrili"illll~' Itl 1.1... iul"l'pr"'l,li,,,,
or DLI'C'" HIlUSlIa11)h"St,IIl·hll\'iullt.
A \'I'Q·il1l1JOrianl. Illll'Sliull willI IIl'nrillj!;tll1 1111' I.ltlls,' Il1'h;l\"iollr.I~I,;si\'t·I"·rul<'
rrhilil.y arrd nllwr "m!,!'rl;,'!t o[ t.11I' loilay,'r i,; II ... 1'1"",,11,1,· ,·\f,.. '1 "r Illl'I'IIH"I,,'nrlllli.,
Unctuillinus. 'I'lris i.~ 1'('11I1'1llu till' Inl'lll.iulIU{ Ih., lipill phllS('ll'lll1l"il iUll I\'il Ii 1'l~III"'1
til II nilind point 1111 l,lll' lIuid'W'II~M'xisll'IIl""'IlI'\'I',III I,hi~ !1~I'I'I'1 01.1'(' IIITIlI,it's
iI 111"f'!' or p1\l'li(III1,1' illll'l'<'Sl in Ill.. Ilis;lllm,lpll I'hll~I,lllIlill,r1dl<.lill'~1'''III"I''~'''lls
S(·ril's. '\11 l'xtrllpolilliullUf 1111' 1r1lIlSilillll I'TUIII'l'lil'!' ul' till' 1"11/-:,1'1' 1'1I:lill 11"1111,1I,/-:,s
III II l'llaiu 1l'Ilglh of 12 1'1IrhUllS sIIAA''llls Illill ;11 lh,'lr<lIlSil~ijl 1.. lIw fl.,'1 1,II~St" H
l'fIl1lilllluns .-hilll';" in till' lIlt'all Ilr~'lltilli(Jll~llOtdl'r i~ III 1>1' '·II"'1'i.~II,ru\'i.I, ..1~lld,
a 1,llilSl'c'lIl1 1"'vlR'I''''''1. 0" tl1l'ulll"r Ilalill. as KhlOWII iullll' Im·\·i."ls "'lal,II'I'.
lUl'SSIUl"'llhillln'!l till' lir.;\ uTlI.'r rl'illuTI'!> lOr lb· li'lui,1,....\'slilI" J!"d 1r....,.ili"ll. II.
ffilllpr<'SlIion.
All CIIII.'rill1"UIs W(·I'I'j",rrunlll..1Oil 01.1'('-01,,,; ill,,1 1)1.1'('./1-.1.1 ,.}'utlll'Sil:I~1 moi
11l'srrilx'll ill ('lIal.ll'l' :,. ~]1.V SlISI"'llsiollS WI'I'<' prl'l'ilrt .. 1 1,,\' 11.\'111';\1 in", ill 1'11I"'l'h;\I.·
hnrrer 10 1I1,pr()xil1l~lc'ly 111I wilt,'r lIIull"'ulc'S ltl'l' lil,ill. 'l'Ill' ill'!. I'LlI",' ,hlri1!.i,'n WI,s
lK-!wef'1l :I..") liS 1111t1 :1.1 /'S. 'I'll" jllIl",' s"p~r~li"'1 was 1.. ,liI l,1 :1.'", liS. "~""l'l r"r II",
1r;IIIS\!"I'SI' 1·,·lax"riml 1'1f'''~Un'lll.'lll~wlll'l'l' il lI';;S VMil"1 lu'l \\''''11 :!(III~ i111,1 film I'S ill
()~crsi1IllJllilll!: \\'i1~Il!lCd 1I:I!l], fPSllllillj!, ill ,,If''I'li'll' .1w,'lItillu,,,,,f '\ /''';III<I:! /'" in II,,·
flni,] itLIIlilllll('llI\\"'rl",nIH'rllIIIWI,IIiIl<''!>f/'SJH't'liwly, 1,1 lll"t'aM'ufp"I"]'·IlI,'rJ,L,·,1
CItJlf,!I:r.';. 111,1'(.' - l'IJit!iI: 1J,:h,w;ourillJl/I1YllillUks 61
IIIHlS'l.'i, Fur lltl~ ~Jlt't;ifirllll)' 1"I,dcd IlLI'G, tilt: lIumhcr of K.Ws "I'l'a.~ in("roa~1 to
IfifJlH) ollll! ;1~IJOO ill tlll'nll'f'l'SIM,rlCliug pllilS<':i.
:i.1 Ilcsnlts
5.1.1 OLPC-,l.jf\ chnin order
I't'nll'II11'ral..,f DLl'e Wll~ sl.ll(lil~1 nt ;unlJielil pn~~llr(' 1J1'lwf't.'1l :llrC amI _1:IGC
111111 ill ]}j klJllr [mill !lIre 10 _woe. SllI'dl"1t III'M lilt! phll!il' 1,1'<llISilioll. itS \\I~II flS
n'pn'S!'lItllliv(' .~I"~·I,r'IL wdl int.u I'ildl plril!il~ rq;ioll 111'1' .~lt()\\'11 ill Figrltr ',.1. For bolll
IlrpSS1tn~, till' SIH'l'l,fa III hiAl1 11'll1lu'fIltlll'l'S af!' l.yt,iI'ltl of il fillliid crysiallilll' pIIIlSf'.
II t.iS;I,ly (Jrdl'f'l~lllh;L"iI: in II'llidr 11M' lipillmoll'C'uk'llllpf:ilr 10 he almost. COllljlk·t.cl.y
il1llllllllili1.l"1. TIll' Ilrf'scllfl'uf il1lclIsily ollt 10 ±r~l kllz rclk'Cb sc\'crercstridiolls 011
IIII' Ilmliol,s of 1llI'acyll'llilius. Thc~p(!CtrillfUnlr;lmtion frotnlht.'llIMhyl dClIlc!I'OIlS
or rasl nll'lhyl rmr;"Il1."lillll a1>oul lit! f'S.'if'uliilll.\· iUllllohili1J'tILllrt'c.. rord axis. Tht'S(,
sl"'I·tfill r,'aLllfl'S arc' d,lIrllrlt.'ristil" or LILt, rrYsl.illlinc (I.~) 1'1111:;1'.
TIll' sIM...·lrit jn~l Id.Hl\·\' tl,(~ l.t \11,asc.'. lll\ul"ly at 0°(:, -I·e ;Iud -'l°C, i1lt'kall~
ftllifllly ~}'1l11l1l'Irir rNlrif'Ull1lioll, The.- sIM'((ral illll'U~ily, ho\\·(·\,r.(, I!I'Cf()i'tSCll marc
I[uir'klj' willi h'rnIK'rlll,nrl' rur dllllhlct~ lI'ilh IllrAI'r ~pliltill&-' lililli ror I.IIOSI' with
~IIIHII,'r splil.LillA-~. Stle-h ~11I"'·I,l'alllislor(.iun is /l (('slIlt or I'flphl1.r<lllsvl'rSl' ,.daxHlioli
nf till' "1'1I1t-"()1l~ dusl' lu 'II\' gl)'fcrol hl\ckllfllll' alulig with 1\ tkCrC/l~I' ill rC[;lxll1.ioli
rllh's wilh posiliull nlonl;: l!rt' i1c)'ldllli1\~.
Al 1,;"1 khat, UI.I'C·/''''I is illllll' liquill rrrsllll1illc 1lllll.1>c IIlxl\'c.' :un:. Alll,,,pcr-
















l1Io1iollS i1llhOllgh UII~Y ;m' .lislortfTl hy II !lI'Il'n' illh'llsity 1~"'I"I';ISl' Ht IIII,xillllllll
Sillittillg. A1 :!:!°G.llw ilxi,,1 sYll11lJ('lry ,,[ till' lI1ull'f"ular "",tilJIlS is ~lSl ..willI<'
slKlCtra b......OIlIt,: dillrill;l.'!'isliruf ;1 IIKIO' lml,,,,,.. llllllISf', IS.'I.I\~"lIll"(:iIIl,1 :'>irl' Ih,'
SIIC.'drallilll.'!Ilmpc"lI c\o:idy m;t'lIlb\l'th,' spc'f"Ir;1 Iypil'lllly uhSl'tIl ..1 illl]K' ,..""IIIII;I_o;o's
or 100Iger chaill ,lim')'1 ])(:s [lISl, ,\ 1I~lIp.'rHllll'l' .,f I!I'(: l'tl,rh Ill<' "IlS"1 ,.[ " "1"'-
tral illll'lI~ily huilchlp a.1. ±r~l kllz liS DI.PC "lIl,I'rs till' L,. 111111!i". It i.• i'I1."rtOSliuj.!,
to 1Iole thill, in (()lIlrilsl, lu the Hbrllpt t,rilliSililJlI frulll II dio~l)rd"to,'d pitas,' illt" till'
cryNlallilic plia!Sc Ihlll OC:C'lIfl\ill, l1.llIlJjC~1I1 prt'S.SIlI'I', 1,111'111111,-;" r!t'IIII!." frulll W'll" I."
UbSf:l'\'co'd ill high Ilrl'S.Sllrf', is rnl,llI'r grilllllili. 1\1 "Il,\"Il'd pro'S.""", HIl'I -I:I"C, '·S·
o'l'nlilllly 1111 11l0lCI;1I11lr tIlCJl.ioliN 11,,\·., sluJlpc,llulIl !.III' NI""·l.1°llIU io~ l.y"i..~1 "r ;r ,lilll"yJ
PC crystalline phaSl~.
C/JII/JI,fJf Ii. /)1.1'(:· I'luIY' IJchill'irlllr iJ/U! /}Y/lilmjc.~ G3
i~ dir<:ctly fll'llf'ortinual t,u ()Il' aVl~rag(' ori('utationalurdcr pHllInckr of tllc V-D
hUi1l1 IJ I~J), a.~ .li~flls.<;f:.J parlil'r. III tIll' Illon'ur<lereel plrll~eli. I !If: 'lxial ~~'nl1l1ctryof
till' IrlOll~':lIlllr 11l(JliCfIl~ i~ lust 1111<1 it rb'i;ol,iull from ~lIrh fll"opurtiollaJity is ohscl"I·p(1.
NI'vc'rl.llf>le's.~ IH1 n'lllldllS II Rood illiliralul' of 1111' i\wr;lg(' \I\OkrllJill" onler ('1'1'11 ill
SJIIIlI,I., is f1mk'll fruIII :WO(: 10 _1:\°(; at ;l1l1hil'lI1. pn.'SSlIl'(' alltl from !)O·C 1.0 -20·C
IlL I.!i kllilr. VilIlICOSUr IHI uht<tilld al I . .'i kl!i\r whilf' heatiull the ~Illll[lie bnrk 1,0
·m·{: illlll \Vllill' l'lK)lillp; ilJ.:;lill 10 -20'(: <In' ShOWll 011 Figul'C~ .'1:2(h).
1\1, ;1I11hil'llt jlrf'SSllrl' 1\11iIlITI'/lH.':!mlltill1ll/lI.~ly tflllpproxill1ll\l,ly (i:lx IO:j ~-l allil
I.II1'Il ~1l<lfll'lIly fisl's tu elw'r I.'"tO x llil S-I 1l('luII" -2°(; lSi). '1'111' Illtt,(~r 1'1I111/.' I'STI~~I~
1.111~ ""'I philSI' V"hll':! typi.'ally nh~l~r\"l'(1 wit h IUliger dilliu dinryl PC~. III gc1-JlhiiSC
11I'I'e-Ilm, fuJ' (';.;nlnple. M1 nSllillly lif's Iwl,II'I'I'll JOll X IO~1 ~-l ilnd 1:\0 x J01 s-l
[221. Vahll':! for t\J 1ahovc' Irll) x J():I ~-I an' 1I~llalls ub.'iCrvc(l in tit ...' highly orclc~rNI
f'l"y~tilJJillc' philS(' or IUllg'.'!" dillill 110Il1olog~. Thi.~ furtlll~r ~tlpporl.s till' icll'utifir;ltiOlI
or LIIC' J)LI'C 10\1' LI'IIII'(lratlltf.' Jllra.~f' with lllC'l.e phasc,
TIll' ll'mpe'rill-lIn' Iwlt;wjulll" o!Jsl:rl"!'d in J)L1~C-d~1l hI. Hluhif'lIl. prc·s.~III·e lIgfl,,-'S
\l'lI,h pildie'!' .~llldi('.~ [22. ;t!l, Thl.' dlneils!' ill l.h(~ slK'clnd inlf~nsit.y lit llLlIxillUlm
,,111JI'f' 1I1f' phlls(' l.rllll~i\.iull. nosll1ts froll1 illl 1.'lIlwlIced dcpclHlcllte, 1lf.'1lT tile trhllsi-
I,juli. nf tllC'lral'''\'I'r~I'1""laXlltioll r;lll'flll till' dl'i1lf,'rOn Ilclliitioll Irlung t.hc acyl rhllills
[l2.~I, TI\C' all\lll\i\lul\~ 1)('lInl"lo\\1" of '\/1 ('oincidl'll wilh the ohSl~rvatioli of disturlcu
SIlI'I't.ril <11 U·(:, -I·C ;]l1d -ZO(: ill Figlll"f' Ii I FrollL LIII~ dcutf'rillll1 NMI~ Tlf:rspCI'-
tin'. it, i1< ,lillkll1l to ick'll1 ify IllC IlpJI('J' 11O.,... IIl~\· of lhi~ tlllll~HIII I"(lgiorl l'l"CIlIlSl' of
till' gradlllllll"l1l1siliflll fronl lIlt' 'l.r;u1i1ioIlHI" lifillid cr)'~lllllincphn~e and heGIIlS!.' of
lh.. llll·k nr ,lh1'llpl. ~IH'r\.rlll rhllllg...'s in t his region. Wilh llu~ 1I1111lkiltiol1 (If l.!i khili'


























Figllrc~ !'j,~: DLPC-'/4r.lirst spectmlltiuJIl"lIlS \,,~. t.1!J1I1J1'I'lI1.IIl"·: "OlJlillg Ill' ill IIlI!
biclIl prCSlSllrl' (solill cin:l(:i'i) ilud III Ui kim!" (st,lid dillllloll,bj; (I,) l.!'l klllll' l;I"'olld
cooling scali (solid di1\l1Io11ds) nud '1 hl:l1l,jll~ SI:<Ill (l~1I11Ity SIIIIM'·S). TIlt' illsd t."
(a.) ~hows JIll at the lrallsitioll ror 1L 'tllHdl'IIIK,I(~ lllilsp s"lmrati"ll "r :1."1 I'S holid
diamonds) alit! 20 liS (open in\'l:rtcd [riangll:s).
GJJllptl~f 5. fJ/,I'G· J'll1lsf~ Bch,wimsf <inri lJyfllllll;CS os
l,( hydrrJ!llatil: preMl>llre, Lh.; feAioli of anomalous MI behaviour co\'(:r,~ It broader
If:llIlJl:rilLlln~ rIlll~e, lip to approximately (jOe, illill the flattening of M1 before the
"mwt of 11 IIiOrl; onlerl:d J!hl~<;c ~:\'(jlves ililo all m:llll\l t1ecrc<J~c in Jil" The dfccl. of
positifJll ,1.:pell(ll~llt. tnwsverse rdaxatioJl Lillles on !HI is ililistrAt.~d in tll(' illset Lo
FiJ.llm: !i,:.!(il) wlll'l'e till' first specLral moments lire shuwlI for it ~ /2-pul5f' scptlrllt.ioll
T = 20/ls (l:lIlllly triilll~h) togeL!u:r witli the All valut's obtained with T = :15 liS.
;I,~ tlll'(Jn~lJlJIll tJIt~ rI'St of tile' "X perililellt (solid IliaiIlOlllls). TIII~ lise or shOl'l.el' pllise
XI'l'i~r;ILil)1I rednn'S tIle loos of si~lIal prior to ;u:qllisilioll. Ax a rcxllit. the spectnd
dislorLiHllx arc' n'dlll'I:,1 illJrI, t,lll:r('rOl'~', hilllll:l' \'illul"~ for /\11 ilr~' (}hl,ailw~l ill lhe
vidlliLyuft.h., l.mll~il,ioll,
IktWl.~:1l ;t;j°C [Jud tt'C, the lirxt ~IK:dr;d IIIUmt'lll. ill. l.!j khar ill('ft'f1xe frolll
!W x 1U:1 .~-I tll!1l x 10:1 x-I. Tlw M. v.. lucs ill 2t'C, 21·C ilnd 20·C, liS well liS
tllP (,orrl'l;pullding lllllx'trll, lIrc similar to f01'respondillg "nlm.."! and speelm .~t':n ill
1.I1l~ gd phaxe of longel' dmiu diaeyl PCs. The sample WIlS cooled ill lhis region al
IIU dr"I'~i\'l~ rille of OAoC/h. Uelow I!1°C, till is ohser\"C~d to illrt'cast.' 1l1.)rC quit'kly
\Vitll dl'rn'IlJo:illg lI'lI\pcrn1.ure, Al l.'jOe, JIll ~]Jpl'Oachex wl1u.'S chnrllcl('I'istie of lhe
1I11lhiell1. pl'('SSlirc crysl.'1J1illl-' philSI~, The com~l'oll(liligslll'rlm also IIll1lergo dumges
whidl suggest iucrc1Ising lIlolion.,1 resl.rictions.
'1'111' fOoling Neties wns l.t'l'l11il1l1ted willi lhe sample well into the L~ rl111se. The
Pl'l'Slltlrl' wax thcn held ill, I}j kbllr illHI spl'cl,r... were collecl(~d <Ul lhe smnple W1IS
W.ll'flU,1 h.wk 10 ,lOGe, Till' lirst xpl'elral mOllwnls as i~ function of tClll]>l'rillure for
lhis wflrllliug xI'ril'!! art' ShOWll ill Figure 5,2(11) (empty S(PlilI'CS). A rallier sllHlIl
dl'n('iI~" ill J\I, is O!JS{'HI,1 ax t.he telllperlltllrt~ i~ 1'f1isc,1 up Lo 26"C, ill which point
lJI.PC-d,"1 ('lll"rs the liqllill cryslnllinc ph.1SC. !HI valucs in lhe L" plla~{! nllllcll
l'1nxdy the Ollt'S lIleasurl,1 during the initial cooling cycle, In view of some previous
ul,s!'l'l"aLiuns of an 1I111lsuni (I'r) ambient prt'SSllrc fluid pha.se [35, :16] it is intcrt'Sting
Clrapl.cr 5, DLPC· Pllm:c HC'II.1\'iour iI/ill J)yllillllkll (iii
to note thaI ULlle t'C-C"I('fllllic- li'luitl cr,\'slallilll'lllin",' al'\I\'" tl ••· ,ml~~U;ll n~~'l1
where lrll.1\s\·cf'S(' relaxalion rnl~ ,I.,....·ml Oil 1111' pusilinn illull~ "'It' ;wJ'1 dlilill, 1\
striking Mpecl of this Irlll[lt'fi\t.UlT fJTlinp; i.~ , lit, slronp: hYlIh'ft,:,is in II\<· Ol.l'l:
phase behaviour at 1.5 khiJr, obsrT'lTll Up01l rtllnpilri.s<ll1 1l('I\\"~'lI III.· nKllil1~ ~1II1
the heating scall~ (Figllrl' :,.2(a) ami !i.t(I,)).
Spectra wert' Il1clI n-mnk·t! dllring ,I St·t1~l1l nKilin~ SNi''!l• .,1 I.:, khar, Irum
11ialllon(lH), The lII'Comi l'cK,lilig ,'xIH'ril11<'ui r"I'I"H11Il'l'l< til!' 1ir:<\. 1>11" 1\·,,11 ill Ill,'
dirordcl'cd plim,c 111111 ill II", gel phlls(' ,Iowli lo :W·C. 1t,·I"w I!I"C till ,11"'111111,1'
illcrefl.Scs to 1&2 X 10:' 1'-1 1111(11.111.'11 slmvly ill!'rl'i1l1(',~ Iu fl'lWh lsr, X IIf' S-1 ,11. -:lIlO{~.
illilic :;(X'oml sClllllhali ill 1111: firstulll',
The behaviollt ohS(~f\'c~J heLw(,(,1I ~J"(: au,l 2:1·C Wlll'll 11I,1'( :-.1.,,: is I'I",I.~I ;,L
1.5 kbar is atypical or IlillCJ,t pes. '111e strollA slH't'trlll (lisl..rt~ll1. ,1l11' I" I'""iliull'
it i:l: much IC!\S proltollllct.~1 Lhan ilt 1.5 kl)/lT, To uhtllill ,I I,,·tll'r 1I11l11'rsl;1I"lill~
of lhc phASe lichaviour or U1.I'C-(ll6' a S(~l1d lIi\mll~' was PIl'I};\w<l 'lll,I "L... lil~l at.
J)rt'5SlIrcsofO.rJ5 kbar. 1,1 khar, I.(j!j khar 'lIul2.tl kh,u, 'I'll\' lil,i,1 wasnllJl".1 ;'It 1·(:
the Lransition. The reliuh" an: shown in Fir;lIt1· :1.:1, '1'111' n",liJl~ 1';,1,' Ulr',"~hl~lt
the region or O.;I"C !f'lIl!,c:raLure de.:rmllcnt." Wil" i\Jlptuxillll\li'ly [l.Ii"( ~/h,
A close examinatioll of Lhe prdrallsiLiolH1l rt'p;if>Il.~ l,I",vI~ LlII' lr'HTlsiti,,"s ill Fip;.
ure 5,:1 revcals an inCTI:llsl: in the tc:mpcratllw rallgn lJVI~r whir:h till' 11l101111111111S
behaviour is ollsr:n'(:fl II.S the preS,slIfl: is illl'n"l,SI~11. I'f('sstlrl' ili>lH'iIl'S t" l'ull;!III'r'
sfl<.'Ctral distortions which gil'f~ rise: lo rlcvialilUls of M I frUll1 til(' \','!raviollr "xt>,s'lr~l
rOr diacyl PCs, T!lI.:lIc ol,~r\'l\liotis ,~llppurt 1111: Iluliull tlil.t lh,: 1I/l(,llwlul/" l'I'p;iUII,








Fi,;ul'C .').:1: IJLPC.J"" first. sl'CCtraJ llIolllenls VlI. t.emvcrllturc alllmbicnl prl'!Sllufe
(drck'l'l), 0.55 kbar (Mluarcs), 1.1 khu (triallSIcs), 1.65 kba.r (dillrnonds) ancl1.2J
kl",r (illver1.etl t.rianAlcs). 'I'I~ IIOlid symbcls result (TOfU anneAling ci Ihe syslcm
il(tt.-rlcmlK'nlUrC cyding (sec text.).
oh:l(:rveu ..bO\"(' t.he I... -L... trallsit.ion III alllbicn~ prcssure, as well as the UIlUliUlJ
IIlli,1 region ohscrved lit clc\lIled pr-<'S!Illrc alxn-c the lnUisitiOIl into the gel phase,
mi,;hl be rcllll.cd to the I.... phallC, reported r-CCl'lltl)' by IIALta and colYor-kenl{35, 361.
ElcVilll'C! prt'liSurl' IIPIX'III'l'I to enhance the dislinclion hetween IhclIllomalous r-egion
ilnd Llle \iqlli~ cryslll1lilll: phalli!.
Another 1Illcslioll, in liglll of the hysteresis Sl'1::tl in Figures 5.2{a) a.nd a.2(b) and
l.1", IlilrcrclIm; in the way L~ phase i!\ cstabliRht'\I, concerns t.hc relative stability (lr
ill(' l'llriot!s])I.PC bill\ycl' plII1SCS. Thc(laLa in Figure 5.3 ~lrow thaI, below 1.1 kbllr,
DLI'C undergoes a rooling tta\\5ilion from a disordered (possiLly L... phase) dil'cttly
into .. r.rystatlillc phillIe. At I.li.'i kbar- "nd 2.21 kll.,r t.hl' lransition l'rocecd~ lhl'ough
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a gel phase which, comparCil to thl.' hc1liwiolll' Sl~n in Figllfl' ;'.:!' Iwrsisls III low.'r
lemperatures. The latter observiltion rais(-:; 1-11l' IIll~sihilil,,\' lhnt 1.1", .'s1.al,lishuwlll
of the cryslallille phase is (Iominated by kind, it: l'lfl'rls. If 111.. s,llll[1I(' is 'lllirkl~'
overcooled, thc molecular mobility uwy I)('t'01llt' lull' illld it IU;lY 1 ilk" a 10111: lim..
for the I., lllo!t'(ular arr~lIgt'll1Cl1t 10 o(·.'ur, A silllilnr dYlllllllil's-dullliuill.,.1 plllls"
metastability is ohserved, for exallll,I.', ill 1,hl' IOllgt'r t'llilill IIOlll\llog 111'1'(' 11'111'1'<'
the formation or L, phasc from L(J' phase is I"l'ry sill\\' allli IH·u('(,,'.I~ u\'l'r I,,'rilld,.,
of the order of days [37, 150], To ad(ln'ss this iSSIW, lilllil",] (<'llljwrllhu'(' "yl'1illp,
cxpcrimellts were carried out at I.l kbaT, J.(if, klJM' aliI I 2,21 kimI'. TIll' :-;;lIllpl.·s
wcre cook'll into the rcgioll where thc nysl.alHllC phasl' was pl'.'villusly uk~"I'\'t'r1II1"1l
hCiltcd am! cquilihratc(l ilt a temperature wilhill I,ll(' gt'l 01' till' 'lIlHsllal Ullitll'hils,'
region. Afler it. (I:IV hOlll'S of allnealing, the sysl,.'lll WI'S i,lwilys I'lIl1l1,1 ill I., I'ha~,"
After thc coo\illg cXllCrimcut lit 1.1 khllt. tlw ~lIt\lpl.· was wanll!'l! 1'l'<IlH 1:IQ ('
to 19"C and allowed to all Ileal for thre<.' IIUlII'S. 'I'll., n'''~ldtill'; \'11111" "r iII , (Fi';I1I'"
5,3, solid lriangle) appeared lIS an eXlrapoln1ioll of lhl: nysl;o.llilll' ph:\s!: hl:!l,lVilllll'
illlo the lemperatu1'C rallge in wllicli tllc ulllIsllal fluid pIHIS" wall oll~.'I'\'l'd II!lriul!:
the initial cooling, TIlt: clll'fCspolllling SPl:ctl'lllll W:l~ llbo tYI,in,1 of lilt' I.,. ph;,s!'
suggesting that t.his is the stahle phase ill t:liH l.empl'rattll'<' rl'jlioll.
Th{~ \.65 khar cooling scan wa.~ entled at 1;,"(: mill t.1t" SlIlllplt· Wi'S warlil",l I"
2Ij"C, which is slighlly above the Lr-~c1 lralisitioJl h'IUpt:I'lItlll't'. 'lilt' '~I ...drlllll,
acquired lhree hOllrs lalcl., was again Lypil:i11 of 11 cryst.allin,: pllll.~l: mill t.11" lirsl
sllI.:ctral moment (Figure: 5.:l, soli.1 diamlolltl) lritU a 1I11lch Ili,;h':r Vllhll' t.hiW Iva.'I
iui1ially observed ilt },'jQC while cooling, Tit.: ohservatioll of a I.r;wsililill from 1\,,1
10 crystalline phasc, rather than frolll gcl tn Lr pl'I'SI: IInd,:r 1,lwsI: l:il'l'lllllstllun',..
,quggcsts that. the crystallinc phasl: is Hlabl,~ ill I.his 1l:l\iOlI.
Ourillg the eXllcrimelilal 2.21 kbar, t;Cloling was init.ially sl0l'p",1 ill ~'l"C ;,lId
6'
lIll' IWllIph: \\I11.~ \\'~I"IIll:d til ;1fJ°C, just hd()1I' ll1c obSl:n'cd cooling r,rilliSitioli frol1l
1,,_ I.. , W·I )llIasl'. Ilf'illilll; 1l111]f'r lh('S(~ (lJlliliLiollS aIJllI·i\]'{·d 10 l"l'nlw'r botlt the
Spt-d.l"ill lill('shapf'IIll'1 tlll' v,fhu: of ill} 1.<) llwi,- V;J!u('s ohsl'1"\"'d ,luring Ill(' inil.iill
..""I·d"wII. 1111'1.·)' llw.~f: l'fJlHlil.jotis the syslc'lll display,·r! 110 J,yslCI"l's;s. slIAA{'sting
L1lil1. I.fl!' tf'IIIIJl'Ti,tufl']Jl'IIi1l'iour of ill, is r('\Trsihlf' down 10 :l·roe. The SillHpk· was
sn)'Sl"I'WIIII.v (,('Cllf'fl fllrl.lll:I' 10 I·j°(: IlIld 11)('11 \\'iITllIe<1I"l('k to :I!j°C. well int.o Ih~
L". rl')..!,ioll o!Js"rVl'l! dllrillg till: ill;t;;]l rooling. TIll' ohservC'd spectrllm appl'1lr,,1! to
111'11 di.slurlf·d li'l"i,1 nyslallilll' slwdrlllll. TIll' sysklll WilS then ('tlOl,:d 10 :\HO('
wJll'n' II ~"I sllP("1 rlllil wns IIhlllillc'll. Tile' lirst ltlOllll'lI1 Ill. Illis poinl. tllOllV;h, \\'ilS
il hit lJi,;lu'l' 1.h1l11 till ;,t :11)0(' hpfol"l' lW'llili/; 10 :l.'j<><:. Thc' silmpll' 11'I'S I hl'll 1](~,l1l'd
1,0 :11 ....,"<:, "1Il1 l'quilihralc'd [01' 1,I'lI hUIII'~, Till' [I'ill.lIl'CS of Ihe resllll,ill~ sl'eClrtli1i
II"'n' dwr;lr1c'ri~lkof 11 n.I",sl.,]IIiIl/' [lha~c {,Iw I'orr('~polldillg JIll is sholl'll ilS II solid
illl'pc'll'd tri'IIl,;If' 011 Figlll"f~ :).:1), As the lc'ml)('riltUl"{' 1\'ilS incrt.'ilsed furthl'l'. DLI'C-
Ifl " IIIHlc'I'II·I'IlI. a II"l1llsil.iolllo II I'q~lllllJ' liquid l'l',I"slallim' phase lJl'l.l\·('('1I ;j;J"(: and
1,1101I).;I1, sud] IIl1r1c'lItion lW('IIIS 10 pWl'l'/'d slowl,\' alld ('H'11 WIICH SIIC!r a prol'l'SS IHls
I.q~llIl. slm\' 11I01c'1:lIlal' l"f'OI"f\"lIl1ilWliolil'SSI'111 iall.\· pl'c:I'CUls tlrc /;1"011'1 h of thl' Lr ph"sl'
11Il/!'SS t.11l' \"l1IIWl'lII.UI'I' is IInl, 1ll\1<'1l IIl'lol\' lhl' Lr phflSI' railA",
5,1.2 Specific lahel obse\'vations
(luc' WilY ,If "irnlllln'lllill,i!; I.Iw s]H'I'Il"i11 distortioll i1ssofi,I!I,d I\'il-It posit.ioll-
d"lll'ncl,'uI"I' of r,hl' Inl1ls\'prSt' 1'!'lllxalillil t.hlll' i.s tl\l' USl~ of spccilil'lIl1.v laheled lipids.
111 (,nlc'l' 1(l~,lill flll'tlu'l" illsigll! illlo I Ill,' dlain d,I'llillllics, expl'rilllcnls wcre Ill'rfor111N
llSillf\" 1)1,['(' [,11)('1<,(( nl, lilt' lirsl 1,1uril' I1wllr,l"lt'l1l' <IdjilCl'lI!, to tlrc filrhollrl grOllps
Cltll.ptCI' 5. IJLPC· PIIIl.SI' Ikll:l\'illilf HIl(I J)YII;lIlJjl',~ ill
on hoth ch<lins (DI.I'C-o·eI.I). Tl'1lllS\WSI' I'l'IllXlllioll ral,,:,, (1/1~,.) ,11'1"r1l1iIU',1 fl"lllll
tile qUlldl'upol{' CdlO ([I'I·n.l· II"'I'~' r<'I'or<I,~1 as II (lIUl'li'lll "f 1<'1Il1"'I'nllll"t' a( illlll,j·
I~llt pressure Illlll al l,r, khllT. lllgl'llll'r ,,'illl lin' l·"lTl'S110111li!:;:. 'll1,n1nllllllt' slll"'ll'a,
i\'ldhyJ (ll1adrupolt' [illl's or IJI,['('·dw ill"!' "Ilsilr llislill~llislHlllll'"ll (.h,' Pl'I',I"\11"r-






Figllre 7)..1: DLI)C-n-d.1 SllI:I'll"ll ilt S!!l!'d,l'd I.I'llll"'I'atlln's: (i1) Hlnl,i"llt I'I"l'SSIJI'I': (I,)
].7, khar,
iClllly lalJclcu lipids, OCCIII' ill. sli,dltly 1011"1'1' ll'IIII,{'r"I.III'1's, <IS" 1I'SlIlt "f till' isot.!)I'"
~lIbsl itlltloll [321. Sc'lllCled spt'c:l.l'a or DLI'C.,Hl.1 aL 11I11J,il~111. Jll"'SSIII'<' "II'] r..'l klJill
<Ire showll Oil Figure .'iA. Thl! spl~drlllll ,11 I}, kl'i11' I,"d :!rl~(: hilS II wiol1.l. wliidl is
e"'l11lJ<ll"lIhle Lo the width of the li'jIlld ,:rysl.;,[lilll' SIJl,,:1.r<lIl1 ;,1. :\IJ"C .wcl tl,,' S'lII1t'
r:/lil/ll,:/' ,"I. /J/,/,r: _ IJ/III,~" lJ...Jlitl';llllr ;//Id I)ym,,"il:,~
"
1>n's..~lJn', ,,)tl)(IIl~11 Ul" lill,)sll1Ll'f~ is disl(Jrll:d <IS ;, rc'sidt of im:qlliv'llclJt rc1l1xntioll
rlll.l'S HIIU>1II-\ III" 1'·II"'ll,,'r"IIS. '1'111' high pn'SSlln' :;Iml:tl'il ill :fIO(: Hllrl :!OO(: rd!~"L
;,xi;,lIy ;,syllllJll'l.rit.' llI()l,ioll.~ alul 11Iosl.likdy n'I'f"l>,o;(!IIL ilgel philSI'. IUIl'lIs;1.\" hllilr1UI'
Ill. :l:fi:\ kllz il/l.Ill' sl"'I'l.1'1I111 ill. 17°(: {Fi~'II·,',~,I(III) is ill,li(<Iti\'pof nrS1.alli,I(' plm,.;!'
Il,nfWlli.
'1'1", I.I'lIqwnl!,lln' IIl'j)('J1'],'II,."t' or 1111' 111('1111 l,raIlS\"'I'.~,' rt'l<lxal iOIl tillie, '7';;, for
IH,I'( :-1...1.1 is .~IIIIWIl ill Fill,lIl"1' :"i ..'i(l,j for 11Illbi"1l1 pl"t'Sslln~ alld J ..'i klJ",'. For nl1l1-
ill.III'" ill Fi~Ilrt'!j.r,(IJ). Th,' <IllllJi"IIL prt'Sslll'I' \'llhwor T;; ,1I'l'['I'Hs('S from ,-,!JO {I,~ 10
I!J(J II,~ as 11,,'I"lnp,'ralll('{' is 100\"'n)d rronl ,soC' 10 OO(~, 11('I\\'('('nO"(: lIlIll _10°C. r:;:
1I11<1"I"A"'''''' sliAli1. illn,'''s" I" llJlprox;1twldy :!Ci!l {IS. The l.nmsvt.'I'st' rt,lllX'll.ioli tilllt'
Ill. I}i khm ill IIll' liquid I"rysl;,!\il\,' phils" is \tl\\·..r lhall tlwl. ,II, ambi"lll I'I'PSSIlI"l' amI
1"'1.\\'/1'11 ·11]0(: ilnd :\00(: it is lIe till' unl,'r of ·IOU II,~. Ilt.'II("('. til(' fOnc1Oll iOiI l,i'lll)S COl
'11l.1';'JlIS nllll,.illlll,illl; 1.0 l.1'll'ISn'rs,' 1'f,IOlxaiioli ill 1.111' I,,, 1111.11';1' il1rn'lI.~~' ill. l'11~\';ll,(',1
]lI"<'S~l1rt'. As 1,111' 1,"llll'l'fnl,llI'l' i~ IOl\'l'r~'t1 I hrongh lilt' region wilen' till' Lr Ilhlls~' is
o"~n\'{'(1. r:;: dl'fn',lst's tlr<llwll.;rally from ·1Il1l I'~ a1. :\00(' to r"l l'S <11. 2-10(:. Till'
I'I'I'a~l'S sli,.;hl.I.r 1,0 111Ioul, 1·1(1 /IS as IiiI' IClllpl'ral11I'I' i~ Jo\\"('n'(l to 170 (:. Iklow 17°('.
wlll'l"l'l,11t' lnlllsil';lJl\ fmlll ~('Ilo L,. pllH~" is ,'ulllpll.'kd, r:;: n'lIlililis ;lJ!llI"llxilll<1tdy
'I'll,' Ipl,t1lilllll 11lt'111,1"I p':ronps pruvide IId,"lional ilLful'111aLiOl' Oil till' 11\01"('111<,1'
onl,'r ,llltl' ;,,'.\"I ,·h.,ills ill I Ill' Ilisllnll'l'NI Illlm«:, 1I11'I.hyl 1!l'ull'l"Illi .~pliUill!!;~ (01
I)LI'{~·rl,I';. I'xl rilrll'II (roll I 1. III' sp('ct,rll of Figlll"l' .'"),1 HI lJ:i "hilL arc ShOl\'1I 011 Figllre
:J.li as il (1I11t"! iOIl of 11'11I1l1'l'alr,w. Although II di~colllillllil.y ill Ihe lllt'l.hyl srlil.1.iu!!:s
.\1 tIlt' UllS('\. of IIll' Lr pllllSt' lit :\nO(' is llolllhservcd,lhl'l"t, i~;\ rlwngc in the ~Iupe
"r 1Ill' lHl'! h.d splitt illl-\s \\"il Ii It'mll"I'OlI lin' ill, lilill, poilil. Sill'll ))('IHtviour is atypic111
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Temperalure 1'C1
Figul"f' ""1.5: i\o]l',UI 1rnn~\'/'I"M' j"/·I"xiltiull Lilli" T;" r'Jf 1)1.1'( :"'."., (;,) all,lli ...~1 ~1""'ll'ilJ
1l10111I'llls rflr 1)1,1)(:,,1.1,; liS II rlllll'lion ur "'Illlu'r;,llirl' ill ;,IIII,i/'nl l,r'-:;sOlw 1,·jn·I"~J









Fi':'lIr<' rtJi: IlLI'( ',,1," Ili"lhyl !<plittillJ!,.>; a" i' filII'"' iUIi uf 1l"HI"'rlltUIl' ill I.i'i J,;lll1r.
5.2 Oisell:>sioll
'1'1... h.nITfM'arh"n dlilim" in 1)1.1>(' "n' rllJ"I'ltllhl'lllilljlllll'III('lI~111Ilf~('S.>;i1r.\· for 1111'
fUTIFWI;,," ur ,;I"I,I,·llila,\"-I'S. all,1111(' 1l1l11SUall,h.,Sl' lH'h,I\'iulIT tlf this lillid \:11. :I:~. :l:"I.
:lli. 1·1!ll pn,I,;,I,I," ll'lh-,·I,.; a !,al,lllfl' l...l\\'('f'nlllt' i,ll,'nu-Ijoll." in 1'(: 11<';,,1,11;1'0111> HIlll
in tIll' h.\-,lnwi1r1"111 l'q-\iUlI 1I'IIi .. Il is ,li/f.'n'll' fmlll 111/11 tYI,in,1 "r 1111' IOIIp;I'r dlilill
IllJlllll!'l.c..'" 'l'lle' 11i~11 11fI'SSlIrf' rl·sllll,;. ,li"rus,;"C! ill tilt' Iln'I'ions sl'j"ti", •• ('llld,l.,I.,
S(JIII" "f III!' 1IIIIISI11l1 itsllI't'ls (If Ill,PC: 1I1111,jl'lIl l>1'l'.~Slln' (lIlliS,' lH'hadolil'. 'l'lll')' Hlso
""IIIrilllll,' II' tlU' IllUll'l'stnllllil1~ur ils I,li,n· ill tlU' ,Iial'yl 11(' hOl1lO!OgOllS s\'l'il'S.
('all,riml'l rio" sllulil's "r tIll' I)I,P(' unll,rt... l If· IliSllTlll·rt~1 IlhaS!' dlan~l' silO\\" 111;.1
ClJil/J/f'r:i. /)/,1>('. l'/r,1."'l' 1lI,/,III'jour lUll/ /}yullmin<
il pro('t't...I" ill two "111);''''1:11, :I:!. :\.."" I.m], 11\ Ih.· r.'~i\1l1, a f.·w .101:.1"<'t-:: \\"i.Io·,I"·''''''''11
Iltj·lwo,·x.'l's", h"al t'lIp,lI'ilr I..·ilk.... 111.1'(' i" ill a "Ialt' lal ..,I.'tll.r 1:\.'" :ltil. Thi"
slllll·isl·hllrm'lI·riS("t1 11.1' axially s.numt't ric mult't'lIiar l1luli1l11".\\'I.idll'anl,,·illf.·w'tl
frnlll tIll' l"I\nll'r lilll ...hap."'. Tlu' rc·laxali..tt I ill""', "1,,..'rl·... 1 iu Illi" "';ll.,. 'I ... · \'<'1'y
shurt ;llI<i 11"1"'1111 un II....1'·lIlo·rull 1"lSili"l1 ill"..}; II", ;11'.1'1 dl,.in. Tlu",,' n·I;.x"lillu
lIU'lLSl1n'ltll't1ts "ugg''!il 1111,/ Ihl' tnuliutlal rill,,, ,II'.' lI11wlt n·IIIl... 't1 ,,",1 1"IS.~il.ly "f
pn'S('nll'rllll'I"t" I'r,'ssttn' i" "''t'11 I" ;.If,',·1 1",11111", 1\'i,III" ill 1"IIII"·ral1trt·. ;'IU] 1111'
IlrUlllitt"l1"('lIrll,IS rt'l-\iul1 UrllllltSIW\ 1'1'OIu·rli,,,,. '1'1", "1"'1'11':1 ill Illis t"l'gi"" ar,·,·It;1I
HI'Il'risl,il' uf fast ilxinlly sylltltwlri,' tll"li"tt" willt Ilil1.lt /1'1111"\"'1''''' n·lax;oli"tt n,l,,,,
wlliell ,m' "1 rtlttAly 111'11C'11,1"ttl till pu"il i01l llilltll-\ 1111' ;11".\,1 dH,illS. '1'1,,' dl<lIll-\''!i itt
IIII' lI'ltl]lf'rill"n' 1I"I",,,dl'ttl'/' "r '\/, willt "n"'''"n'. ,,11"\1'11 ill Fi~1tn' "'.:1 ;,.s \1"'11 ;.s
th,' simihlrit.'· ill tIll' N~IH slwc'lril itt ,t11II,i,'ul ,III'] ,'1,'\'111''11 I'r''!iSUf'', ill II", ,1tt"s",,1
lI11id rt·p,ilJll. allow t I,is rl'/,:,i(>ll of tlllllSllal IM·lmrie,m l.1 hi)!,l. I"' ....sllr'· l.. I,,· i.I,·ulilj, .. I
I,.,' 111111<1 ;(II,II'II\\'c,r~"11' I:IH]. TIll' 111'1"'1' IMntIUlar.l· ,,r II.is I., 1,I.m;/' j.. ,·If,,,·li\·,·I,,
iIllIKtS.silil., III i,j,·rtlif)" fflltl1 II,,· ,II, !I'IIII"'falun' "1'1"'11111'11"'" "!,,,WIl ill FiRlln' !,.,!,
,1I1l' tn till' "HIIMllh "ilril,liull 'If lif!il mUII",,,I .. a" 1)I,I'{' ,' ••1,,11' II,,· I•• I,llit"'· f,..,m
111l' li'lui,1 iT)"", ... lIil"'I.ltitSl·, Tllis ;,I ...... ·ttn·"r" ,li"l"Imlill"it.I' 1",IIIH'1t 11... li'l"i'!'T.\·S
ill till' itltll'lilltlll',.f II", 11/,,1"0"111,,1' tI,uli,,,,,,. wlli.-ll i:- ill ;...... >1,1 willi 1]", 1"'1",,-1 "f
II"lla itllfl "ol\",r~"rs 1:IH] "f it '·"tI\irtIIOlt.~ I'l'ri;,l;,,,, "r 11"·I,il,,.\·,'r ll,i"k,tt'lo" Ill'III".·!!
Iltl' L.. artd IIII' I.r phil"I'. ll';\lls\','rSl' t"l,I:oXllli"rt 1';,1,,:>, "II lIlt' "II",,. 1t;11I,1. "lld,'I'I\"
it l'itlltl.'ral.rUlJ1 iltl'l"";'SI' Upolll'ttlrattn' ittlo IJI!' 1.,1'1"",,· fro'tI IltI' I". I,ll;,,,,', ·11,i._
illilirHII'liit '],"""'''''''ill 111t·d,;,i,1 Irtt,1i'J1ll'] nIl I." ill 11"·1,, 1,llitS'·.
TIll' ,,""t'n'aliull "f ittl llultsltitl IIlIid I,lta ..,· 1",1\1""'11 II... 1-\"] ill") li'l',i<l 'r)"~.li.1
1'1Ii1s(~s or llLI'C 1';lis'"!; S"IlI<~ illll·rt·slillj.\ tpll'SliOllS ;l!JOIiI tIll' 1I111UI"<' or IIII' lHaiu
1,II;,s!' I ralJ~ilioli ill lipid I,il")·f'!"s.
Tilt· I n'llsil,itJII rrotll lifJllitl t'l'yslilllillf' 10 w'l 1,IInst' ill J,mw'l' c1lilin dillr,\"! IIOlllOlogs
iliHI inl"l"1l1t1I"l"ulill" posiliolJ;d onlt'1' is t's1"hlislwd. III 100JJ;;l'l" dwill lipids IIII' \,\1"0
i,sJ,,','I,s ;'1'" sl_ron~ly nJlljllt,tl. hi l.ht, 1'I,~t' or UI.I'('. it i~ Jlf)ssildl~ In spl'l'nlilt.l' I,hill.
lilt' .J"tTt';'Sf,,1 lIloLi'Jltal r'illt'S o],sl'n'f',1 ill till' I, .. pllilse judiCii!,' iIll illrn'i!SI' ill Ill\'
illtf'I'lllul,·t·ll!iIl' unlr'l' lI'iUIlJllI,;, I'WIt'OIllil1l1ll. dlilnl,!,l' ill til" f'Onr"rJlllll,iOllid tJ,.,!t'l' or
III!' dlilirrs. Ilig!! I'I"l."snl"f' St~'IIIS lu t'nlrnrll"" lhis fl"l'\"ljllinp; hy sllirtinp; till' OlISd
1'·1111"'l'ill.lll"l' f,r lal.,'r;,lunl"l'illg rllrtlll'r ill")\'I' Ill<' OIIS,'I 11'111Iwl'ill.lll"l' rOl' till' dlilin
II,.,lf'rilll-\, ill whirll 1lrf' Inlllsl1.ioll 10 I-\O'l pI,,,,,' ",'("I Irs, ,\ !'<·...SOli ror ll1is Illighl
I", .sollgh1- ill lilt' 1"(,1"lil'I' sln'IIp;1.llI'lllnj\: or 1.1", Iw;ulgl'ollp inlerndiolls with 1"fo,;I1I'1'1
1." Ill<' illlr;l<'11ilill illlf'l';r,'IIoliS fIll" 10 111<' n'lilli\'l'I,I' sl1lnll rlllllil ],'Ilglh, "IWUIl'I'
"lIl','I. II'hil'111lligllt, h"BI' rdl'l'illln'lu llll' ro],'url!r" Ill'iulj.\rnllps inlhi;< transition is
th,' ol,s"I'\',',l flf'rJl'l1tlt'n ..,· Ilr 1111' hi).!;lll'!' 1"11'IWrilllll"l' ("ill(Jl'illWlrir· r('HIllrl' 011 sampl,'
11.1",11';'11"" 1:121.
'I'll<' "'IIII"'l'i,111I"<' ",wlillg l'xlJ('rilll"IIIS illiisl ral,'r! Oil 1"iKl1lT ;"l.:1 ~!rlJII' sl mnA !r,\'~­
"'l',·sis. slll!,j.\I'slin).!; l!ril' Illll!I!!.!'l (\\'1\1'11 pn's"1I1) amI L, pllilsl' a1'l'lI1l'li.slilbh', Ik-
\"<·I'sil,l.' (",\'din)!, Ihrough I 11f'~t' pltas,'s is ptJs~iloll' ,IS IOIlA as IIlwlf'al iOll "r Ill<' I.,
I,llils,' II;IS 11,,$ lll'gllil. FIll" ('xallll,I,', dUl'illJ; III" illilial "IKllill}; ",~J)('ri'tJ('lll. ;<;llllpl,'s
11""1'" "'lllilil,r;tI",1 rol' il r"II'lIUlirS ill III<' I." 1,lli'S<' lI"il1lol11 ,'\'illt'II"""runlf'l"l"II,llilsl'
dOlililili ,l;rulI"lll. '1'1", lall"r dr,·,'1 '·,111 I", ~''f'II. rur' "XiIl1lpl,', III 111l' ("<Joling ("~l'<:ri·
111l'1I1 S 11'1",,'" 11,,' :~,'I plliIS" l",rsi~ls 10 1011'1'1' I t'IUju'!";,1 lin's Il'twll ,111' SilI11]Jlf' is <"0111",1
ri,sl,'r, ,\nt,1' inilialllll1'lt'ali,," or Ih,' ('I',I'slilllill" pIWSI', th,' growl-h of ii,s flolllilillS is
I"'r.\' SIt/II' ir Ill" I('mpt'rallll't' is llLort' 1l11ln il f,'ll' d,'gl'l'I'S Iwlo\\' rllf'll'1Hlsilion rronl
iii
I.r lu illl Urlll'""I;ll'llaSt'.
In 1111 ('011'1;1'1' sillely "r ,li,,,·~·II,ln"'l'hali,lykhulim,",.~I..rr.o\\", \\"hil,'I1.",,\ an.1 til
[tll IlisclIs.O;("I;llht, n!lSt'r\'t't! tl.'nl'a~' \\"ilh .-I",ill h'lIll,lh ur IllO' 11I";11I uri"lIlaliunal
onl!'r t1ilK'Ollli"llil~' al 1111' lIuiel-".·1 Ir;",silill1' ill L"rllI" \Or il ,l.'n.'asi,,!!: ,Iilr,'ro'un'
;sl"I\('("'Ilf\'I', '\1' rilr l'S 1111" ,m,iniralll<iliun;l< nll ....·rlll~l. Ill,PI' al illllhi,·ull,r,"!!.'!",..'
";'111101 hi' nJlllllart'tl lu tll<'lul11\"1" dwin 1,1l''';I,III,lil,i,ls ,Iu,' I" lilt' illl"r\"'llli"u "r ..
LriHlsit.iull ;lIlul\ mort' unl,'n'II L,. I'IHl!<l', whirh n'II,I,'r" 1\10' ~.. ll'hl\S1' 111l""~'1"\·a"\,'.
Iligh prt~SIlI'(' i" .'tIIO\\'11 llt'fl' til SIlI'IJI'!'SS til(' "US"1. "r t Iii" "nl,'n'll 1,11;ls,' an,1 tl' nll,,\\'
rnr L,lll' "hs"T\'alinll "r il InU'll,p\ ph;}sI'. TIll' ;1l1"1'1'1"I"llliull ur till' Ilwin trallsili"n ill
l'Ul'(' ur "ll' "I'Il,;UII "f llltllSIll,1 d.\'lIillllil's. l.r. As it n'Slilt "r 11U' ;11'1'111'1 ,1''tT''il~' ill "11'
I'"I,'S "r Illol,'t'ul"l" I1luli'JIl1'o in III(' I'r l"I~il,",lll1·,li1'o<'lltILill:lil.\·ii' t\l1 ,'"1111''' 'M' U1'o<~1
Ihis "'giol1 (",111 pru\"i(I,' 1110' 1Il'("'S''ilry illrUrlll.. tilnl ;11"'111 Ih,'I"IIII"'r:tlm,·I,,·IIiI\'i,,"r
nr 11", r1lllin urol..r. 1\:< shUl\'11 uu II... illSf'l "r I';il!.uro' rl.:.!{a), 1111" ,Iil'f'",,'illllily ill
,Ill ,]1'('l"I'aSf'S as IIll' l'f'lmrilliulI 1"'h\"~'11 II... !NJG I'IlISf'S i:< n~lll ... '/l rr"lIl ;t!",/IS I" :"'11
liS, Ir it :<;'11\,1,' ('XlllIlLI'lIti,,1 d''/'lIy is "s."1ll1ll~1. 1111' 1'1111'0<' 1'o<'lmrilti"u ,',til I ... ,'..sil.\·
('xl rilplll;tlo~llu -:"rll, Stl<'ll ,III apl'n,ximilti,," is jllslili''11 r"r I/l<' rl'~i'l1l "r 1'1'1"\' ~,tI;,11
witli till' \,,,11It'S uf ;\1 1 f"I' :I:i l'S (sulid ,1;;I1I\"II,lsl"wl :W liS (s"lid d"\\'llW;U',b 'I'i
Il11AIt'.'t) pllls(' so'par"t ilJlIs. 1""1' "'lIlll'"t'isl!l1 I'"iglll"l' ;,.ill,) sll"w~ II,,· 1,,·I;lx;,1 i"11 I ill'"
rllr 1)1.1'('-,.-,1.1". TIll' J\f, \·"Ill'·~ ,,1,1,';1,,·,11'.1" '·xI ..nl",lalj'lIll" ~.'"n, 1",1... · M'I'i,rnlj,ul
n'\"I'ill ('SSI'llliillly 110 (1i.'tf'lIlllillllity "I 11ll' IIlIi,II', W·I plws<' lrilIISili"II, 'I'll" ""'lllls
()11i'l'l'!r.~, /)1.11(;. PJ,iflit: 1l<:I/Il;vi(Jllrifllf/lJ.I'''il/llir~ i;
~It..wu ill Fij1,ur': !'i,7(iI), 1I1'1"'lIr 10 illllslr<llc till' f'xpc~ll...Il1f:<lr-St..'("ood onlcr chariu:·
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-211 (I 141 241)0 SO
TCnllK'r".lI"n-"C
Fill.lll"t, n.;: UJ,I'C-,f.(C1 lir.-l slWi·tral lllolllC'l1lS ,IS <I f1l1l1'Iioll of 1C'f1l1)C:ralllrc' (a) al
all1l.i,·ul prc"""uw (drdl'lC) allli ill I':, kl"u ill pulsc' llf'pnmlioll of :li, lIS ltliICItlOIHls).
:''11 l'S (sclli,1 iu\·I....lc"ll.ri;IlIAI."'1 alltl cXlrilllOlal,,,llo 1.1,.'f(I pllise' scl'arltlioll «'Ill!>l)'
ill\','rl,'Cllriilllgl,'lC).
5,:\ SUllIlllary
Till' phallI' l"'bllvionr of DLI'C ilt ;rIlihic'lIt Pll'S,~III'C is suhstalltially dilff'relll, 1"1'0111
1,hal, ur jl,.~ IUIIW'I' dwill Irollllllc)gs, Sill('t~ pressul'c' .1rrcds the clilfercnt pltllSl~ tnlll-
lnllisiliull fmllt 1111' l,rausiliotl 1ll'1.\\·C'Cll gd al1clllH~ I'ryslllililll.' l,hilsc ailll to olJlaill
Cllilpler 5, DLPC· "'111:>(' !J('llill';our Mill IJYllitltJk.~
i\ true gel phtlsc ill I)\,I'C, Till' unusual ll'giUlI iu lilt' lIuill pl'll~' \\'i1:< f"llll.1 I" 1M'
cnhancro hy 11K' application or hYtlrostati"lll't.'S..~llll' ;\lul Will' i.II'utili...1with tilt' alll-
bicut prcsS\lrt' I... I,llll!l(', ol)S('f\Td by Fim-gold autl t""W~lfkl'l'lI 1:1.'"'1 allli h,\' lIllUa 111111
coworkcT'li 1:16\, III ('xllcri!\lC'\lls wlll'n'lllt' \t'IIlIIt'ratllf\' Wll!l il\l'r.'aSt..1. a lIillj:;lt, trail'
~ilioll WiIS obSl~\'f"(1 rrollll'rylltallillt,!o lifillid rr.l'lll;llIilll'l'hll:lt', '\11 ,'xtn'lltllllliuli ..f
the oricntati·.mal of'(lcr ,,,'rallld,'r to 1A'f'(1 Iml",' l\t'I'lIralitlu sIlAA''l'ls till' tr;,us;li""
from II IlisonlC'rcd to II gl'l11hilSl' ill IJI.I'C pnw..... ls wilhlllllll ,Iisnmliuuit,\' ill tilt'
chain ordcr, all implied hy the llmhi"l\ll'r''l'surp tn'lIlls ill ltl11p,l'r dwill ,Iia",d 1'('01
[~21, It 1I11]1cal'9 t.hat tim 111111011UlI ,lyl111l11i",11 pr"!H'l"li,,,, IIr I>I.I'C "'ip,hl nostril, r... l111
enlHlnccl! hciltlgrolll' InLI'1'lldioliOl in ;1 I'q~illll of lillit" t"m\l,'nl\,l1l'\' wi,ll.ll 11\."\'" IIII'
trallsitioll to 1111 orllcrcd phas", whil,~ 1,lw I.rllllsil.iUIi il,S1'lris ilsstlt'iill",1 lI"ith iI dliltl,t:",
inll... chain ortler,
Chapter 6
Pressure Effect.s 011 PC Headgroups
'I'ht~ prCVi()ll~ two dmpter~ f()cn~ed 011 tIle hydrocarbon region of the hil~yer, In this
dlilpt,~r, the forn,~ i~ 'III th,: I'crturbillg iullul'uce of l,rl'~~lIre OIl the PC polill' Ileal!-
WllUpS, which, II,~ thl~y fOflll the interface hcl.wcf'u water lIlld the bilitYI'r interior,
illlhl(:IICf~ illlllOrl.1U1t hilayer properties illdudillg the ~lrllclllrc and stability. Den-
tl:rinlll NMlt 111l.~ hl-'CII used extensively as a nonperlllrbing method fot' the stlilly
of phusllholil)ill heildgroups at various mcmlH'llJle lind water subphasc compositions,
IlJvdsof hy<lmtion,clc. [:m, 41, '12, '15, 47, 4fl, GO, 151}. It is currelilly accepte<lthat,
in the f1nid Ilhmie, the iLV(~rilgc orientation of the polar hcadgrou)) dipole is roughly
pilr;i1Ic1 (wit,hill :10°) to tilt' plane of the hilitYI~I' [as, :mJ, When various charge<.1
11lC-'lIllmuw or water liubl'lliiSC constituents arc a<ldcd to thc lipid suspension, tllC
1'1r(l~phorylchulilic hC1Ulgroll[> tilts towards, or away from, the hilayer normal dc-
1)('lI(lillg on the sign of the lIlembrane surface charge, rrom the deuterium NMR
P('I'spf'dive, this is S(~CIl as a coulllertlil'ccliooal change ill the qUfldrupole s]J1itting~
of thu den!,crotls at thu 0 ami (J cholille carbons I'll, ,12].
Apl'lkat.loll of hYllmstatic pressurc ICflds 10 a reduclioll of thc l>i1aycl' ilrca per
lillid 1110Iecl1l(!, as di~cnsM'd ill chapler ,I. The phospholipid hcadgroups illl! expected
I,n r<'sp<lIId to tIle reduced molecular area by adopting a new conformation, possibly
i\ 11101'<' upright position. Prcssure can he c1l1luged iI' a continuous manner, allowing
for thc lll'ildgroup conforlllation to be varied ill it (prc~urnably) continuous fashion
as wdl. without au)' alteralioll~ in the lipid-water system composition. III this
dlap!.('r, the i~()1.Ilf'1'1llnlNosponsc of Dl\'IPC-d'l Hud DPPC-dl~ headgroups to pressure
ill
Chllpler 6, Prcs.~urc I~frcct!l fill I'C IIciltlgnmpll Sll
is discussed in lcrills thl' n.·lilti"crhangrs in t!t'lIlA-n.U1 tIIHlllrnl)ull' Illllil.tiUA-'I III tIll'
nand jJ choline ('aroollll, A K('cnario for the c1f('('1 of lc·ll1lw·rlltu...· Ull lilt, Ilt'iI'!';"'''lp
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Figure £i,I: Structure or pllospllill.id}'kholilW IIl'(lllfl;l"Ullll,
Lipid samples lI'ere inlhe form of MIN, prel'lIn~(1 hy h}'drntion ill ,'XI'I'l(l( 1)11lJ:t·
phate butTer (pH 7.2) llho\'c the main tral1silioll h'lIl[lI'ralufl'. q"adn,])ol.· ,-diU It I'!.
p"lscs betwccn 2,2 I" and 2A I'!! were uSNl with 1\ IIlllse 1Il'I)arnl,illll of 7r) I'l(. Ilip,.
itizing with a dwell time or !.ll/ll Willi used with ,I lil'It'S OVt'~ll1lplillp, II'!.!'. IT''!.I lA,
res:llt in ,lII clTcc.tive owclilimc of 20 11.'1. Qmltlnl\M)ltlltplitliul9' w..,.. .1,·ll'rmilll..1in
the liquid crysll!.J1ine phMC rrom the !)()O I..,lgL'1l or Ute 1M:)\VlII'r lilll'lt.
6.1 Results and discussion
Two disatllratcd pel were Iltudietl, the H iIIlll Hi "IIr1MlIl Ilonml,~'I UMI'C.,/1,
deUlcrated al 0 and jJ cholinc f'O'iliolls, 111111 I)P"C'I/I~ witll a pI'rlll·lltf~rall,II"·;III.
phase, Thb tcmperature allowed for tlu' IJhs,~rvnLinti of 1\ 1lllill pltll,';I~ ov'~r 11 1"1/11'
v(:nienlly broad [lre~~urc muge (l1l11bicnt· 'l kbar fur lJMI'C alld mllhimlt - I klHIl"
{or DPpe) wi~hollL overllcltling the si\ll1lllt~s, FiglinJ li,'l1'l1lnWll r<~prr~'~tlllllivt, 1'I11(~,'·
trl!. for DMPC·d1 Itnd DPPG·dl~ ill the liqllid cry~llfllille plIllSf" All spf~dr;l itl 1I,,~
liquid crystal1il1c pllallC 1!.l'C a ltuperposilicJIl or il)ciltlly syrulildri,: ]JOw,I,'r Imllc'rus,
81
Till: IJlltf!r p(:",k~ 011 I he nmhif:1I1 PIl~~IlIl' sperl.!".. of hoth /)~IP(;-d-l and OrpCd l3
'·fJrTl~IMJII.1 t.. the (, rholitlc f!c:nlc:rons while till' illll.~r I"'ilks nTe !lrodncct! hy morc
ffl~dy n:uri,:ulilll; fJ choline ,1"1l1crolls. All i delltc:rous ill DI'PC·'[,3 producc Allin-
,.1.:, U<l.rmw (nJlllroxilllalc·ly ±l kllz) .Iuubld of high illtcnsit,.. '1'1,(' spike ",I 7.cro
fN"III':II':y is fhll' to Slllll<! naturally prcselllllDO ill tl,(' waler subphilsc'.
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FigUff' 6.~; Ikll!rriulIl NWI slK'Clra of D~'IPC·,f-l (a) <lml I>PP(;.I"3 (h) ill Moe
lUl.1 .lilfl'I't'UI. prrs.~lIn'S. I'n'!t.~llrl· is iflllicnlcU in kIJllT 11(')\1 to ':<lch slKX"lrllll1.
TIll' n' ,lolll1lc1 in l)~lI'C-ff-l with splitting of .'",..1·1 kill: actuall .... collsbls of two
tluuhll'ls. lll1dl'TIIt'collplinp, ('ouditions these olr{' obscrn~{1 willi il Sellilnltioll or llhOl1l
;mo 11;\ in lWlle [HI. TIIi~ i!l due to 1\ sligh1. illl'(j1dvnlcllct~ or the two a-carbon
tl"lll.1'rull!l. n~lIltillg rrolll rl,tlllct'd Illotional frl'l'(lom ill the irmncdiiltc vicinity of
l.Iu- glyn'rol hnt'khollc [.IOJ. All (\ ~I'liuillgs ill t1H.'SC cxpNimulIls arc <lclcrminct[
fmlll lilt" tJ!J!<t.·r\'t"tlltillglt" ltlighlly hrO<ltlcllt:d doublet alllllhus rupresenl'lI1 cfT('("ti\'c
I\\'efilge of I he ~\\'o lIoul,lcls,
Figure 6,;1 shows lit.' 11I1':\,'illll' Ilc")(,llIl"lll'" uf Ihl' 11 (!'ird.,:,,) ami ,I (diall"'ll'j,.)
delllcron cllliltlnLpole:CJlliUil1~'iror U~II'(··,/I ("..li,1 :CYl11hul:c) "ll;:,~l·. TI"·,, "l'lillill~
dC'C-rCilSCS I\ppW:'l;imill..I,\· lilwnrly with., ~lup,' IIr -:!i\l II... I"" kl,ar ill illl ;'1'pnl)!:i·
IlIl\tcl)' linear filShioll. whil,' Ih.·" "l'lilliull; i ...·T\·llS.'S witlt II 1'1"1'" "r :lfl\l 111. ''''f kl",r.
cal" uccrCllJ;C in tile n CIU11C!T1ljl(l!(' splitl in,;:< is "I,s.·l"\·'·'! lI'il II l, sl"I'" "r -:ISI) liz 1"'1"
khM. T!le/lclelilerollsll!iltiligsillrr"i1s"lll :-iiU 11'1. ,,,·!'kh;I1'[:-ii!, '\1111111" "\1'III,vI
(1') ,[cutCI"Oll:< appear Lo he.' l~qlll\'HI(·ll1. .111" 10 iI rHpi,1 1'l"'ll'i"111 i,1 i,.n ill""ll tin- {"f N
illlt! tlll~ N-C~ IJollds. 1\ sill!';lc' line "'sllll,s fnUll thl'ir .'illlll'riIlIIHISl,.1 n'lll,rilulli'lIl11
wil,lI 1\ splitlillg il1crt~ilsing with l'rt'SSIl1't' hy 1:1ll11r. I','r klollT i,1 (if,"( '.
Thc application or hyclrmlillie i1Tt-ssU'" is S."ll III "n"llIt·" i, "'>I1I1Io,,,lil',','li"II,,I
chang~ ill lite n ami fJ cillacirupoll: splillillW', /\l1;,loj;cJIIS dHIIlj!;''S ill lilt' d,,,lill" <l ;11,,1
fl spliltillgs ha\'.. ht.'l::l1 ohsc'rvc'll Jl('('ViOllSly ill Tt'Slllll1S1'lul ...rlmhatiulls in 11",I,i1;',\'<'r
surfacc chargc (!ellsily 1:t9, ,12..16. ,U~, ..mJ, 111 nlll1.ra"l ttl d'MIW'l' ill uri"lIlali"n,,1
order, which alrcd all Illl'lhyl'~l1e.' "pliU,in~'i ill 1111' ~1lI1t' \\'IIY, 1l "ulml"Ttli"",'ljulI;,1
change is gt.'llt.'1'ally irll!i"',1.i\'I' or a {"nlirOrlHIllinllal drauv,l' ill llll' 1I<',,,I;!,Tttllp, D"
creasing 0 ilnd illCN:Millg fl '1mUlrllpol(' sl'lit.litl~'i l,n' ills.. "1l"''''\',,,,1 ill t"lmjlllldi"l1
wi1.h the prcscm;e of mclill iOlls in lhe Wlllw ,,"l,pll;''''' 1,11I, 'III. 11''''iil,ivdy ,'hi'I",~, ..1 ;UII-
phirlhilcs {":!, <IIi, 49]11l1d I'tllYllc]llides ttl;l, At. W''Sl'lIl, :01111'11 1",llavi'lllr of tilt' 1'11"lil'"
o alld tJ dcutcron sillittings is hdi"vt.'<] lu II<' aSSt>l'ial.l,d with II """"I'I'le',] Lilt. "f 1.111'
wllolc hCild/.;rou]l away fWIII 1.l1l' hi!aYI~r plmw, This I'IJilrurlllali""i1l dHIllj!;t' b IlIlIsl
likdya result of lorsion almllt I.hl~ Imlld l",l1\" ... 't1 till' j!;lyn'l"lI] III1l1dWl" 'lIlt' ,'ad"lII
lInd its atljm:clIt p!IO~II!ll)dIOlill" tJ)CYJ.;,'t1 [·IX! ur i11,c'lll tilt, (:( I) (:f:!) j!;ly",'rr,] 11"1111
CJwpl('r Ii. /'r('ssun' ffkrl.~ "II 1'(' Illw!group.,·
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Pressure l.kb~u·J
Fi~un' 1i.:I: Cholilli' n ('in'k-s) multi (c1imlloll,ls) .~pliHil1p's OIS;j flllld.illll (II' jll"':;SIlI"l'
for [)~lPC (solid sYlllhoL~) 111111 DI'I'I: (Op"11 .\\·llIhob) nl, li.'tC.
[1:lJ. tlb il/i/ill (;lklllaliolis of tlll~ ('orro·s!)(!I1<1ill).!, l.ursiullnl "II"I"I-\il's ill /.\1'\""'1"<11'1,0,,'
phodlolillC !J!):1j SIlAA('st lit'll .~1Ir11 (It{o1"lunl,i''lIs 0Ir<' (,,~wIII,i;,II'y 1lIlolosl.rllrt.,·,I. ,111"
10 minimal Vitriiltiulls uf 1,1I1's{, (~llt'rgi,·,. ovn" 1'1'01,<1 1·11f1!!." "f IlItH<I r1il ...,I!",tI OII1I-\It·S.
Thc hcadArollp till is ilSSUltlCd to rl'slll' frolll" lorqlll' pro,I"",·,] hy 1.l1!' illl",';wl,ioll
hel.\w~~t1 the [>ltoo[lh()dl(llill(~ P--N+ <Iii ,II' nllrl 1.111' Ilosil,iw slIrfa... · dtill'p'" (If 1,111'
I\1cl1lhrilIWCOllsl,itlll'lltS.
A lIegative slirface cltarge 1ill_'1 the 11!:;ul!!;l"lJup ill t.l1l~oPl'usik ,Iin,,·liuli. il\VlI.V fnlHl
illcrea.'1C in thc 0" alld a denca.~(~ ill tJIl~ (1 '1IImrful'(Il(~ splittings itS I,Ilr' SUrrIlH' dll'I').!,'·
is iucro:as('d [:I!J). A till or t111~ ph(ISIIllorykltolilW lIloj,·ty IO\VlIJ"fls 1.111' In"utl,rlllll'
&1
a b
Fi~lIn' fi.·I: Ill'Ii"NiullI Naill ~!)l'rl,rn ur Dall'( ~-,/M (11-) ,\11,1 DI'PC-II';'l (b) 111. ,1iffc'r(,l1t
pn'SSIII'l'S. I'n'S.~III"(' is irulinll''il ill khill' lle~1 III O'Hrh sJII'I·1.rlllll.
[!i1l,!)11·
II.I'drn.slil1.k IIn'SHIlI'/' jll'll<lll("('s n highly illlisol,l"Opi,' dcrormill.iol1 ill 1'1 fluid phos.
plrolipi,l hil'l}w. In IIII' 1,I(,orai ,1i1'('l'liolll.lll~ hilayl'r is cOlll[ll'css{'cl cil.sily ill rl.'spoliSC
III hydrosl.ati .. pr"SSlrn~, II'hill'smflll Huglc IIl:ultOI1 difrrilc{ioll ,Iilla [I!). !)()l slllll\' illl
inn/'ilS<' irr tlrc' 0I"'r;,1! bil'1.I'C,·r l.hkkrlC~s.' wit,1t PI'l~~Sllfe. th 1\'1'IS illuslr1lted irr drnpll'f
.1. it SiUlilolf l'C'S1l11 nUL lw irrrC'l'wd rOl" 1.1ll' ilXillll'xl(,ll~iol1 of the lIyclrociIl"horr rhilills
[rurH ,I"lIkrilUll NalllI1lPilS!I11'l1l1.'Ul.,. A,l<1itioll,ll pressure eXllcrimcn1.s I\'pr('cilrrkd
a l.p{,lc'l" 1II1C!"rslilllllinp; of lhe l'l'spun:;(' or LIlt' lIlo!ctlrlilr arCil in lilt' 1.\\'0 lipids to
I'I'I'SSlIr,'. '1'11(' c'orrl'spolldillg spt'C\.rll fll'(' sholl"lI ill Figutc (d(ll) "nd Figure G.·l(h).
l'Xll'llsiouo( th" whoJp chain ilS d'':'lTih,'d ill <'!laplPr I. Fi"I1I"!' (iJI shows .11 1 as it
1'1I1Il"1,ioll or PI"(,S~IIr<' fmlll I I\bOlr (0 iIlHI,i"lI( I'reSSlll"l' I'or ')l'l'('·",,~ illl,l frOIII:! kl',ll
(0 illllhif'Ul_ j)1'<'SSlIl'l' for ]);\11'( ~-"r.l' TIll' illlT"ilS" ill ,lit lI'il h 1'1",,",S'lI'l' ",'11,','1" all
illfl"eitSI'in till' hydl'llfill'holl t'hilillunln illl,1.sllhj,'rllolll<'nlitslililt I'Ollllll<'ill'l'r"X
illl1lliolllll1l(l"in dwpler·I,;1 dl'nl'ilSl.'inll11'loil;,.\','r'II·"ilpl'rlllol"'·lllt-illllll'li'lnid
crystallinc phllse, Th~, apjlHlilrh illlop1.I'i1 Illl'haplt'r -1 [:!1, 1.1:1\ p,iYl'S;,11 ill<'1',,;, .... ,iu
th,' aryl ,:hllill ilxiill I'X!.""sioll of ap1'l"oxil1(;\I<'I,\'1.;,% !(('r klta,. fot IH')'(' iHul "r :l.!','){,
pl'r !\blll' 01'(',. lldJilr in 1.111'1'ilsl'of ])1\11'(', Tllis 1'1111 "lsosl'l'I"""" 1111 O'S(iIlHlIt' 1<'1" IIi<'
reductioll in1.hebilO1,Yel"nr-"il pn lIlulN'llk. Adl"'r<'ils,'ill (I,,'al'l'a 1H'l"lipi,1 Inol,'nlll'
wi1.1! Pf(~SSlll"l' is wry lik,,'y 10 l"l'SulL, in till' ul,s"I"I"I'd (,ilt ill tIll' p"lar Ill'i"I~1'<I1I1'
It is itl1.el"l'sLillg Lo )Jul!' tltal, lIw ]l1"l'SSlll"l' iudlll"l'll dliltll-\"" ill 1.I1l''' 111,,1/1 '[1111<11'1'1",1,'
spli1.1.illg~ ill"(' ill dirt'cliolls wllidl 1II"'(}PI'().~i1.,' 10 (,lto.~,' rOI" ,1r'h.I',II·;t!,i"n-illlltl,·,'d l1<'arl
gl'mll' till I"('po,.l,',' hy 1l,'cltinW'1' ;11111 SI,,'li).!; [r,O), Thi~ Hr~lIl'~ il~:tills1. 1111' p,ossil,ilil.\<
1.11111. the olJserv(:lllwil,lgwup !.ill. 1"l'~l1ll.s from a pl"l'SSIlI"l··illlllll'l',1 Wid,",. ,'x.-lll~i"l1,
'rh(~ I~SPOllSI~ of 1.)IC 11l'~lIlgl'Oll]l llellh'run '(11iI,lnlllOl,' spliU.ill~s {Fi",tl'l' ri,:11 <IS
is stronger in DI'I'C I,ltilll ill DMI'C. Itl till' li~h1.lJr til<' 1'101"Js,'d 1tr';IlI~""1I1' l,iILill~
ill rcs[lIJllSf~ 10 area rf~dlldiflll, il. is l1all\ral (,0 1I\.1.l'ilmt." l.hi~ ,lilr,'n'lw,'lo il sl,I"""I\'.'1"
"C'SPOtl,'l(~ in the 1)1'1'(: bi1ityer to lnt,'nd COlllpl"l'ssioll thall in 1,11l' IJMI'(: I,il"y",.,
To llmlcrstallil "lIch hdlllViolll', it is illll'orl"lIl, I." '"l'tlll'lIdll'l' I.Ila1. UIt' t,l"m,sili"l1
temperaturc at lItl1biclil. ]l]"('SslIrl' rur DMI'C.d".1 is "PI'I'OXiltlill."ry J~I"C. wllil<· ill
DPPC-dll~ II, is ithout :JSoC {['ll], Challl.':1' n. II is 1..,I]lfllll.o rt!lIsilkr 1,111' is"I,IIl'I'II"d
experiments 011 ])r-.-IPC-rl_~'h d,~crih,'d in dillpl,'r '1. l\lI ill"r"ilS" ill 1."ltIlH"'i,lur,'




















Fij.\lIn· H.!"I: First "IH'(·l.rlll IllfHllf'lIts "S. pl"l'SSUrl' ror lJi\lP('·,I'd (llil\11lul1Ils) ;lml
Il)'I'{:',{H1 (('11'1'1,·,,).
lirJllid nyslallim' phmll', I'rl'slIltlilbly, (,11(' Illtl'1'al bililycr comrr~~i\ltl ill I"f'SPOtlSI' to
illlp1i('(t hydrosl,ltie pn'sslIn' is similarly l'p/Jn(ed ill increH.~cd l,1'11I[Jcra1.tm'. 'l'lllm al
(;rIOC tlil'sloll'"r \'mintioll of till' Di\IPC hc,l(lgrollp deuteroll qllilllrll!'olf' spliuings
with pn'sslIw (".111 protliJ"I.\' Ill' <lc({)llnll·d rill' by the lwluc('cl 1111.(-'1'111 l"I'.SpOIlSI' 10
h.vclrnst.nl.il' pn'ssllfC' rill" abo\'1- tIll' illllbicnl. ]lrcsSIlrf' I rflHsitioll h·J11pf~rilt.lln·.
/\ C"OIlH'ni"lll. 11'11.1' or ('o1!1pnrillg tIle {,Ollfll1'llIillional dllll1gt~ in thf' ]Jhospllo,
\','I"SII" !,III' n splillings ilS I,!lp 1lIIlgnilm[I' of 1111' PCfl,urlmlioll is varied (<Il, 'lij·,18.
:lll, 1;..1·1:,;,). TII('~c~ plots nfC' typically lilll'ilf will! slopcs gl'Oll]lcd Ill'Olllld -I wht'li
1he' 1It'lldgrnnp till is prodll('('d by the pfCSClice of a llcgaLivc surface ch1ll',l!;c. -0.6
11'1"'11 1.1)(' surfll('c' dlllr~e i~ posith"c [·[5) Ilnd nuollL -0.76 when tile hcadgroll)) is
('Iwjller Ii, !'f'{'ssun' E/fn'l._ till 1'(' IIf',ld;.:nllljls
lillrt! by .1l'h}'llrali"lI cr, Iw lIW",hfilrw ~lIrr:Ul'" 1'"11, Tlrl' Ilq~alin' ~lo'llt' rt'Il"'I~ II".
OllllO!lilC Ili,.'Cliull nfth(' dUl1lg'-:; illllwll 011111.1 'llla,lnll'''lo' ~Jllillill*. :lIrc! St'fn'll as
all illllicilliOIl lhill a llt':lIl~nJlrl' "OllfOflllilliollal dl"uI:." f;1111I'r 11,;111:1,.]':1111:." in tIlt·
oril'l1lllliOIlIlI unlt'f lllk.'ll "lOll"'. Tlr.. lIulp;nilml,' "f I h,' ,,1"1'" illu"trah'" II,.. ,litf"r"nt
lIaLllrr.Orllw iUll'filrliOI1S 11I'1\\'1"lIlI1l'h"illl"l'lllll' ;1II,llhl"'''frt'Slltlllllill~ ""fturhill"
agt'nl H.:'I, Tlu' cotl'l'lalillll 1K'lwn'l1 tlu' f\ Hrltl d 'lua,lnrl"II,· "l'lillirl~s "f Ili\III(',"1
IIl1d DPPC·r1':1 (rorn :ul1lJj"rrl I'fl'S."l1rl·lu '1 kl,:u' ilrlll I khaf. ft'Sp,,·ti,·,'lr. al li.:t('.
-1.:11 fwd -I.·lli r(lr !.lrt' nr._f'S or IJr\ll'C ,\I1l! IlI'PC, l"l'sl,,'rli\·,'lr [:..71, TI...s,· n'-
sulls slro\\' tll1llllrc(lhs('l"\'I'fl \'al"ialiulls ilr 1111' Irt';rrl~I'IIIIP fllrlllll"rrlu,I,' sl,li\liH).!,s wit,lr
Ill'f$S,rrC rl'lll'I'1 {'flIlrrlrnrnlionnl.'lrnrrgp>; r"tlwr ,lrHn dr"U,l(f'S irr "rj"rllllli'"rHl " ... l,-r·,
'1'1,.. Hlilgllilm\<' of 1.111' lI'Il"f' ill 'argf" 1,lr111r I,hal. "lIs,'rw.l for Iolltlr dlllr).!,,' irr,IIl...·']
nml hydraliou-illlhr("f'(lliIL. suggl'Sliug thill:' ,lilfl'f('lIlm'1'h:mislll is n"'ptJIlsil,I,' r"f
lhe IlrC'S!lure-illllu('('t'1 ch:l"~I' in the 11I'.ul};rolljl l'unrnfl1latitlll,
Tlrl' dfcd of l.'mlll·ralun' 011 thl' fI .11111 {I 'l'I:"lfl1l,ol., sl'liIlill~'" IlHlk,':'I 1111 .ul·
Ililiollal t"Ontrihlllion to IIII' IIlJ(1l'l1llalldill~ IIr phusplmlidykhulilll' Ilt'a.l~n",1' III"
h,,\,jOUf. i\t illllhicnl pres.'!""" !.Iw rh"lin.' f1l>plitlill~ is ulr""fw.!IA, ,1.1.,..;L"'· lVill,
kmpcfllluTC over a hm/ld lrllll)(,.'fillun' r:mgf'. wl.i11' ll... (, .'lpliUill,l( n·.lti,ills ''S.''''I1-
t.illily llnalfedct.l !'Ill. Tlris lJo:o!mviollf Irlls 1""'III111rilulll'fl 1".,111' ..Ifl,,·l ,,r IJ'lItllf'fa·
Lure 011 hC1\tlgrollP lIIulion. All iIlCf('ilSf: ill lin' tut"i('III,1 rrl ....lulrI "llunl till' Coo e,l
u-holltl has III'Cll ProlKlSCfllo /I("(III11L ror II ... flt"""IISt' ill 1111' /I spliu'ill).!, lVilh ill'T,·lrs·
irrg temperatufe ['IIJ, l'roxirllity lu lllf~ bulky plrusplrnl,f' I;l'tllrp is I.houl;lrll," n'srrll
ill lin essentiillly lI)mllf'l'ntllff' i1l(Ieper1flf~lIt. II splitt/irA. 'Ii, Iwt.l.,,1' IIrr,I"r,~I.:rlltl t.h,'
clrccls or pressure 011 Irc'lllgrcJ1Ip hf'llllviulll', v<rri;rbll' tl'rrrpl·I'I.l.m·" I'XI",rillll'lIl..'1 w,-t'!'
l.:ilrricd oul al flmllicnl p1'flllSllr': lUlIl al I.':. kl .. rt. S!'\'1'1,~1 sp""11'1I .. n' slr"wn i'l FiJ!,-
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FiAllrl' fUi: Clmlinc fl (6~jj) HI. n (0.11,,) :<plillillg:> for 1>]1,11'(:.//., (soli,lllilllllOllds)
illld I)J>PG (!JIK'II cirdNl).
>lllliUillj1;>lllrt· JI]IOWII ill Figurt' (j.g for AlIllJi(,lIlIH'~lIre lind 1.5 kbar. Applic/llioll of
L!") khar iJII lIrell to h;l,\-" n rrlativcly ~l1lilll dTC(.'"L on tile lClnlX'Tlllllrc dCf>ClIIlclICC of
IMIII. !ll'lillillg.'i. NOllt'Ulf'II'!<.'i, tile temperature i!i(:Il!lith'it}, of the p !lplitting d('(:n'i!.'IC!'I
lllighllyat l.{i khnr in (,ollll'llrii'lOlI to tile ambient pressUfC !iituatioll and a weak. yd
IIOIW.f'rO, \l'lIIl'cralull: Ut:pt,IItII'lIcc of the 0 ~pliUing alll>can.
The diITcrl'lIcc inti\\' ff'!lllonsc of the nand fJ IIU/ldrupolc slJliLtings to lClllllCra·
11m' lIlay n'/llvtl,hl: clJlHhilll~ltdfcd of lclll]Jcl'lllurc nnd arC1I per lipid Oil hCildgrolip
ori.'n1.a1.iollnl mlle'r. Illcrt'a~il1g tCllllJCTlltl11'C is expcclc~(l to increllse al't'l\ per lipit]
and d.'nell~t' urit'lilalimml ordcr. A till of 1.1It~ hcmlgrollp tOWI\T<ls the 'lilaya ill
Tt'!<P()lI~t' \0 iIiTIl';lS(~1 OlTt'l\ 1)('1' lipid would in(f['i!se tile n spliLling and tlccTcasc lhe
CIUlplcr 6. l'I"('s.~lIn' E/fel'lll IlII I'r Ik.11/gruU".~
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kHz kHz
Figure G.7: Choline delll('riul1I NMlt spcdra fur DM!,(:·,I.I l1S;1 fUII1"1i"n ..f h'llIl"·r·
a1ure at amhicnt prcssure (1\) aml1lt Ui klmr (I,).
fJ splittiug. The dccrc<lJIC ill Ot1Cllla..tiollal onl"r \\'lIllld r, .. I1ITI" hu1.l, sl,IiUill,l(". C"III'
pdition betWt'C1l these lwo clfccL.. cou]ll r.,lun· thl: rl'Sl'"mll' uf 1I... II "l'littiuA III
tf'lIlpcrl\tnre. For Lh~ rI splitting tllC 1wo t,rrl'rI./i wtmlll lit· ml.li1i",.·. It i" 1""'-'Iil,I..
that at amhicnl PI"C9.'illrc t111~ t\\'o 1rclIII" ill tli" fI sl'liltiU,I(I'JCltdly "Irs/,1 ('1\,.1. "lIlN II"
llJallhe 0' .'iI/lilting ItPP"tlTll 1,0 be illdl'lll:lIfll:lIt. uf Lf:lIIl'l·r;ltun'. At ,.],·v;I ..·,II ....-s"t1I"f·
tllough, as discussed in cbaplel' '1, tl,e Ilil1\)'(" 1\1"1';1 111l:rHlItl ":q>lulsivity ill 1"1,,111('('11.
Umlcr these circ\l1l\lItl'lllc(,.'!I, thc inCrCll:le in (1 ,Il'ult'r'm sJllil1.illSl; ilrisillv, rrfllll lh,:
hCildgroup conforml'lliolll\l dlllllgt: wuuld IU' sUlIIlII;I' 111111 Itlip;hl 1111 !ollw:r "/HlllJl'u·


















Fi~lIn' Ii.S; I>MI'C-114 0 (rin'k~l aud {i (di'llllolld~1 spliUinp;s IU." a (\\I\rtio!l or 1.1'111-
IU'l"ill.lln' ai, H1111Jil'lIl. 1'1"(.'.<;Sl1l'l' (solid SY111!Jols) IIl1cl al. 1.1i klll}r (op,,:n ~YlJ1boIs).
6.2 SUlllllltlry
Apl'liriitioli of hydrostatic I'l'cs~urc to f...lf.V SllSPCJl~iOllSof DMPC and DPPC rcsults
ill il I"l'dlldioll of thc hC<1dgrollp dlOlinf~ n dcull'ron splittings and an incrcilsc ill the
fllll'llll'Ttlll 111Iildl'llJloll' sp1iUillg. The cOllrlterdirccLionill change in cholinc flclltCl"Oll
spliU.illg~ illdi(al1'~ 11 ronfol'llll\tiotlal chaugc of thc hCl\dgroup ill rcspotl~c \.0 pres-
~lll'''' rilLlll'r than 1\ ('hange ill IWl\llgl"Oup orientaliollnl order. The hCilIlgrollfl dlolillc
df'Utl'roli qUilclrllpoll' splittings chnnge ill a way similar to that of the changes in-
dll("('d hy positive lIlt'11l0rillK' surface charge, which reflecls a hcadgroup till towards
thc' hillwer normil!. It WilS {"oucllllled thatlhc reduction ill the bilayer area per lipid
mOII'f'1l11' with prc'llsure, I!('dured from the isothermal pressure depcndcncc of thc
1111''111 orieulill,iol\ill ordel" in chain pcrdeu1.cralcd DMPC and DPPC. is the l"C,lSOI\
for I he oh~r\'('d hca<lgl"OIiII rOllfOfllliltiou;,\ l'hallgt'~' (}11 1\w 11il~i~ ,l i~"l';lri.. "XI,,'ri-
l1Iclll~, it is Ilroposed 1,11nl llw IC'llIlwl"allln' Iwh;WIUlIl" HI' Illl' Ii";lllgrllllp is d'>Il1in;,l,-,1
by two IJarnlld lcmpcraluTl'-dcp"IIIIl'lll, f;lrl()r~. I.'" IlI'o1tlAnlll1l Iill. ;1l1l1 orl,-nlilllon;ll
disorllcr. V011111IC l-ol1lpn's~i()IL;IS a 1lll'11uHI "f \'ilr,\-iIiA tile' ll1';1<I~;r'>Ilp "ri"nliltitlll
in <1 conl,innolls, nOll]Jl'rl.nrhlllg W<1Y wil-hill 01 ~ingh' ~nlllpl(' nl;l.\- pr'OI"/' n~·rlll in "I.
li\ining informntion on 1I1l' 11I1'('lIi1llic';11 prol'I'ltit·~ or t.11C' IIl';ulgronl' f't'p;i"l1 or I Ill'




7.1 Ordered phnses in DPPC
IJI'I'£:. 'l'lll' Slll'riill illh·n'sl, ill l.Jlis lipill.~ll'll1S frolll ibl hiologioll i.ll[lortillll'l! AS t.lll:
Il1I~jur l'Olll<1.illi<'lIt of ll\C' hi~hcr ill1il1Jill jll1ll1JUl1llty smf1ldllllt i1l1d (IS il COIllI)(JlIClil
fir tIll' rI,11 11l1'l1l!JTIllll~. Anolhcr intriguing I'rolll'rty or tllis lipil] i.~ jl..~ iu1tlll1l1oiu-
l'rlul'ss, wilh rl,II'\'IlIll"I' 1.11 lipostllllal Ilmg 111'li\"l:ry. DPPG is also rclal.in-Iy f.'il.~Y
t" Ilrt'!'ilrl' synUll'l iClllly, slorl' 1111.1 hillHltl'. ami it t]i~plnys 11l000l of iL'l il1lenosting
physit·al pmIM'ttil~OW't 11 cOllvellkllt rangc or t'XllCtill1l.'lIlal pilrill1lclcrl<.
I\t iIlllhil:llt Iln~ljull", pmlcAk·t1 I)PPC i!l ill the liquid crystalli11l1 (I."lllllnllC
ilhlwi' iL, lIIain LrilllsiLioll ilt ·1\.5°C [I, 5, 9, 10, :tJ, I:tl, 156) AmI ill the ripplClI
(I~,) pl11\s(' II00Vll to nl1lltoxilllAlely 35°(; [5, 1!i7). Chiliu IICtlleutcrillioll JOWCl'!! the
lIlilill lrilll:-titioll 11'1II1K'tllt1lTC to ilpproxiTllntcl)' 3.,.C (~Illlhscctioll 7.1.1 hdow.
n]S() 110, 2:l11. Bdow tll(, pn:Lrilllliition_ the lipid i!\ in a Lilted lamellar (f~fI') jlhasc
111111 hduw ill1llfOxilllillt'IJ :!loC (the ~ublrllllsilioll), the dil,le philSC in I)PPC i!l
1,11l' n)'slallinc (f.r) pIHI.~I·. The llllhl,tOtJlsiliol1 lctnllCraLmc of 21°C is l]eLcrl1lilied
ftlJ1I1 DSC Itl·atillg SCMIS [II:), :J7]. Tile olJscr~"Ct1 trilll~ilil)lI elllhalpy dCPClld~ 011
1.111' dUfillioll and IClIIlIcrnlm'e nt, which tile Sllllllllc i~ c(luilibrlllct! prior 10 tlwl'fIllIl
III'illlllillg. BI'('I1USl' or thl~ unullual propcrtics of tilt: cryalallille (subgcl) phase, it
1m!! ht"l'1I slIbjcl'l to invCllliga1.ion by a lI11rnh('r or expcrilll('ntal methods, including
DSC (UTA) [at. :n. 37, 157-159]. NMR[159-161], EI'R (ISO), F1'1R (34] ilml X-ray
Cllilpler i. OI/,C'rfrC':<ull..
dilfra("lioll 115i, In!J). Itlitialioll of thi:< pha","' llpl'lI "utllilllo: illnoh','S a (;1:<1 :<1;1p:"
of subgd SlX'tt formalion from ~C'ru, 1\1It"l,·i ;11..1 a :<Iow"t I'rtln'll:l \If !\lIhf,I·I ,lullmill
growth (150).
PhOllphati,lyldlQlim: !\~'1<h'll\1I ,1;:<I'Ii\y a rir" "aruln'l,i,' 1,,'lI11vi"lIr IHI. r,(i. {;(I.li:,!.
{i5, 70. 82, 83, 85, !JO, !)j. Itt.!, 10:IJ. 1\:< lIlilll.'· il:< ","'\"'11 I'llil:<l":'l 11111',,1""'11 :<IIAA,'Slt,,1 ill
Three, nl~o ~f'('1l at 111111>i"111 prt'S:<11r" .•lTl' P,j' (Ul' (: I l, I"j' ((; II) iIllll 1.lIt' <"1".\'sl allilll'
which ill lalllcllar [HO] with inlf~tt"llli\h'{l d11lills Hllll is tllllsi Itl,prul'ri;tll'l,v lal,,'I''II1.,
;n the llpirit or LUZl,lI~i'li 1l01lU'IIc1atnn' [l'll. amI twu lu\\' l.'-IIIIH'r;,!.nrl' ph"Sl"l'l. (,'/11
Rlld a higllly orden:d Ilhase X.
In the current !iludy, lIle phase Iwhaviullr of UI'I'(:·",;1 wltlllllu,lil'(1 ilS il rlllWlioll
or It'mIJoCfi\turc i\l 2.20 l.hllr, 1.00 klmr "'HI allll.;"lll 1'T'<-.t.'1UIl'. TII.'S', .tr" til" linl~
~hc implementi\tion or the prcs.'(urn sta!>ili;;,('r, ,tescril/('11 ill rll1lJllt'r :1. ISlilllI'rlIliI1
tlceomprcssioll expcrimellL'( were '11so ratrit:<l IIlIl, allllwill~ rllr a tWlI .lilll"Ulli(lIlitl
!!ludy of lite DI')lC·/I,11 pltai'lC't1illgrlllll. Vilrioll:< IlllilSf' h'lllrulllri."l'I \'i1'W illVI"Sli~"k/t
togelher wilh some n~fledH of lite fOrlllillioll nf lll'~ tlnll~rt'd f.,. 1I1111 X l'h;,-'i\"l'I.
SamplCll were rm~pltrt'([ in lILe form of :"'llN sll.'ipl~II,'iiollS of SYIIL[Il'!.il~ 111'1'<:·
dill ;11 excess O.lM phosphilte h\lffer (I'll 7.2) whit:h \\"'n' III'"L 1'11'<111,,1 iliLo t11~xil,II'
pulydhylelle tllhes. A qlllllJrujJotc echo .'iefl'U'lIl:C! Wll:< IIM~,1 wiLl! II llllriitiwi Ilr t.11"
7r/2 fl\lls~ hetwccn 2.35 /11\ IIml 2.55 /fS, ilild 11 PIlISf~ S1~lli1rlltilm "f :V, 11:<. Fur I';,d,
spedrum, betwccn SOOO IIml (i'I000 Lrillisiellt~ WN,: ILW:r:t,ll,t:t1. Vn'l: imlm:tiull .Ic-,';,ys
WN(~ di,l\:iliz(~r1I\t:.! liS p,:r point ill Llw liljlli,1 o;rysLallillc phase and at I flS per point
ill 1.11'~ nl"llt~I'l.'d philSI:l!. Tw/) times nVl~rSllmp\ill.LlWIIS IH~rformcd \12n. 1,,21 10 result ill
,-fft-div,- dw,-J1lilllf~ or,1 {fS illlllf~ liquid <:ry_~llllliIiC plillst' all(1211.~ ill thc: gel philses.
TIm t':IIIIH:r"t.llrl~ regu)al,"r WILS ('"Iibr;]t.l-d Ilgaillst 11 differential f'oPIH:I·-rom4anl.all
lJll'rll1ocoupk'Hlld IVIlS round to be) aCCll ..at,~ to withill 0,25°(;. Pressure was nll.'asnrcd
willi 11 IllJllrdc/ll typf~ gallg.~ wil,1t 11 IHedsioll or 0.01·1 khar and whcli rhc('kcd Ilgaillst
11 (kill! wf·jghl gl\1lg,~ WilS roulld IlCl'lIrall: tf' within J%. All experilllcnts were Glrricd
oul as llll' t,,·ltll"·l"lllUI'l: IIr 1.1](' p]'('sslIr'- wc're' c1':"rells,:d ill 11 ~kpwisl: fillihiou.
7.1.1 Results and discussion
'I 'Ill' 1lI1liulritllsiiiou in DI'I'C·/lll1 at, 11l11hicnt pressllt·c was found to OCCllr III iHOUn<!
;17°<:, ill good ilgrls'lllcnt with previolls llleas1l1"el1ll:nts [22). It ill Ilppropriatc to
Ilwlltioll l,hill r.,.!n!TUW, Whilcl1l.'ad IlIHI Lli [22J used tempcratllre equipmcllt, t.llI'r-
Illfl('oll]lle amI ire· point l'OlllPf'llSlltcd tlwrll1ocollpl... nlllillificr diffcrent from lile OIICS
IIsl·ll ill thc's" ...xpninlt'lll,s, TIle tTllllSilioll \.I'mpt'Hll.11rc.s (ldI'TlIlil1ctll.hi:> way, ilre
1.11(~:·l~rOl"(~ 1101. (:qllipIIlCllt (1(~fll~ll(lellt. SPCdril olltllincd liS thc tCl1lperiltltl"C is lowered
from ,Iooe tl) :lO"e throllgh the ambicnt pressure main lTllllsitioll in 1°C steps nrc
IllllJlVII ill Figure 7.1. Ahove 37"C, t.he spectTii consist of Sl111Crimposcd Pakc Ilou-
bIds 111111 retlee1. filst :lxially symmclric molecular motions. IlcJow this temperature,
DI'I'C·1!111 is ill II PI!' pIl1lS/~ Ilnd the corresponding spcclm hetween :1fi"C and aooe
iJr(~ 1,llkf'll ns being charnctcristic of this phase. The rorresponding first spedl'1I1
IIlOIIH'lllll ;m' IihOlV1l ill Figure 7.2. The spf~ctrum llt 37°(; is a superposition of the
lwo 1.Vpl'll of spedr;l. resulting from some local inhomogcneities or lhe samples. The
("('lIlrlll isol,wl'ie :>pike, see1l in essentially all spcctra, is produced hy trac(.'11 or liDO,
prf'sP!lt. in lilt' buffer, or by minule f]l1anlilies or small nOllvcsiclllar lipid aggregalc.<l
ill tile suspension.





FigufC 7.1: DI'PG·,I,rz sp('C'lra aroulld 1Il(' lI1iliu lrllll~ilioll ill ilu.l,il'ul l'rc'S.'lUIl' (al
aud I kbar (II).
Representative speclra h'Oll1 a cooling {'XIK'rillll'lll ilttl'm,l tlu' l1lilill lr;'1l!liliun at
I kbar arc ~IIO""'11 in Figure 7.1. The slK'C'tra lllNJV1'tlit: transitiun, .....hid, INTllne a\
58"'C for this prO!ltLre, ilre l.Yllical oflhl' I... pl'fIl<f·. '1'1.1' maxillllllllll''',l.''fllll spliUillll,l<
pressure just ilhove the transition. in Analogy til IIIl' nISI' "r nMI'C.,'r,..j, ,'iSl·lI ........1
the liquid crystalline rll;~~t: jl1~t ahovl~ tlw I klJ;lr lrillisitifJIl ;~'l ':t>lltllill"l'll I." ;,llItt>sl
60 x Ilr' ~-l at t)le corrc~lIol1llilig lelrljmralUfll for illlll,i':II1. Ilfl~Slln' (Fip;ilr': 7.'ll. '1'Ill'
sllcctra belo..... the transition III I kllllr (Figllfl' 7.1) an: vI:ry si,nilHr tll lIl': iltlll,i"nl
pressurc Pw spectra of Figul'l! 7.1, suggl~ting that JJl'I'C.,IWl al 1I1is 1'f1'"slIrt' "till
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Fi)..!,lln' 7.1: 1)I·I·(~.dn~ lirst. IIIUllll'l1l.~ ,·s. 1."tIl!l"wl.llre ,II, <lltllJi'~lll Pl~~SStll'l' (,·iITII.'!!),
LOU kll;lr (imwl,,',1 trinlll.\lf''') ,11111 2.'1llkI11lI' (1IinUllJ1lds).
I.,\' illl l'tII!'l..\' Irillllg!l.' POill1.illg ill Ulf' din'd ion 01" 1t'1Jl1)(~r;lllll"f' cliilllW' 1'01' this s('ril',~
'l'lll' 111<,l"tllul,rl1Ilie 1Il'1 'lviour of IJI'P(\dli2 ,11. 2.2 khilr is IUor,' eOlllplf'x. Four
('al·ll ,)I',lf'n',1 pll,ls,' lu unh'l·",l phase 1r'ltlsit,ioll lire SllOlI"ll ill !·'igllrc 7.:1. Thl' li<llIid
''I'y\«allill,' l'hllst' !,"I'lIisls '!"WII tn ~1°C. The Ir,l1\sitioll from lifl'll,l crys!.nl Into 1111
01',11'1',,<1 philSf' i~ rll'ilrl.\· S!'{'l1 ilS nu iUCT<'iISf' ill M1 frolll ilPllroxillliltc1y ,I;) x 10" ,,-1 10
ill'llruxill1111l'ly ±2;1 kll~" ns wl,1I ilS hroiulltlet.II,\·1 splittillgs ilL Rlmost ±IO kl1/1. This
phasf' i.~ sll~f'Sl"fl t.11 hf' nil illl"HliAitilletl Sl'l all hilsis of tlw c1r><;~' ~imihlrily hrl.wccll
Ch,1jJICI" i. OIlier IlcsulL~
of 1llcollol·illdmcd interdigitation in DI'I'e: (fl'], Lilrll'lIl", priviltl' nllllllPHlit·aci"II).
F11rther fOllri(lclI('e ill ,,,urh i,I('lltifiratinlL is pl"Ovi,J1'I1 hy a mlllpari.~lIn Iwl,w"I'1i till'
HI)('draJ fCiI\,llres in this plHISI' i!lulU)!' sl"'t"1rll nbl.ililJ,'d hy isotlll'rlll;III·lIl11ll1','s."illlt or
DI'I'C hy Driscoll ;)11(1 (·lJworkl:r." [11:11. 11ltt'nlip;italiull is ;dsn "f,s"t"\"',j in I,his 1"t',I!,i"lI
of the phase diagriltll by 1Il'IltrOll ,WfrlldiOlI [IH, WII, IITII! sp"I'I,ros"ojJY 170, nj Mill
(lelitedlllli NMH. or spccili/:IlJly Illh/,II~d lipill [!'iii).
1\1. approximilt.ely :17°C, the I>I'PC-tlIi1 SI't't·tnlllitll'sJ"qll' IIIIIJ<'I",l!;lIl'.S slll.stalll.ial
changeN. Till' inkJlsily ill ±~:; kllll, ,1/~nl'lI.~t!S, ~i\'ill,l!; risl' tu 1111 ullusual, W'II,:ndly
lrillllgillar lincs!lllpc (Figllrr' 7,:1). AJlllIllll-\h UI'~ fir,~t SI)f'<'1.rallllollwlIl.s 111'1' nUltin
the lransitioll (Figur(~ 7.2). Isntlll!rJlli11If1(';J~IIt'l:llwlIls ill this wv,ilJII /If 1,IIf' 1)1'1'('
!jS
Figlln' 7.·1: TrnllsitiollS ill IIll' Ilresslln,/tl'IIIP{'1'1ltllrl' phns,~ Sflnl:l' of UP1)(:. E.'(j)I'r-
illll'lIl.al poiliis In" shlllv,\ wi:.!1 triangll's POililillg ill 1.111' dil"l'(:lioll of 1I1P dlllllgt' ill
I,lli' n,rl"l'spu1\dill~ par;!I11I'1.I'T. TIle soli,1 lille is UIl: main I.rillisitioll. Thc il1llivilhllll
lrilllsi1.ilOils lin' sllUlvlI witllllslt'risks,
I,hilst, ,liagrllnl allm\' I1S tIl jllt'llliry the IIt'W ])lll1iW as GI// [61,8:1, SG]. It is illtcrcsl,-
iliA 10 1101.1' 1h:l1. \.lIP 11"ll1l.~ilioll inl.o the Uf f I l.hilSl' Ol'Clirs ill. nhont. :';'<; Iwlo\\' I.hl~
tt'IllIWI'III.III'l· I·xl.nlpulllkd fmm ("Ol1slnlll. '''lllpl'I'iII,III1' l'xpcrimcl1ls willi prol,cnl('(1
1l1'I'C [nO). ,\1. ~·I·C 1.l1l' lil'.~t sl'l'dr,d IIWIIll'IIls 11Ild,'rgo il IIlnjor sll'IJ\\'isl' illcre;I~~
fl"OIIi 11[,0111. lao x 10'1 S-I 10 .,llI1os1 :,llll)( lU:I.~-r (Fignrn 7.2), ,HTOllllJallil:d hy n
s,~'<.lr<l1 dli11l~" fmlll (,h,' (,'(f f lilll'Sllllpl' lu i\ flllly ortlcrl":d rigid lat.t.icc spectrum
(Figlln' 7.:1). Tilis lo\\' klllpt"'atl1fC, hiJ;h prCllsun' phasc appears ill tIle 1I<l111C phlUw
[IU~, !17] (ohsI'I·\·t·dIJllI. lllIlilI11'1,'<I h.\' llioh a1l(1 T"kcllllltll [Mi]). 11, displays tl](' S,llIl"
,It'llh'r;l1l1l N/lIH sl~'('lral rl·aI.Ul"'S n~ I.lll' .'< philliC [S:IJ. Allhough litth· ill kllow
H!I
ill DPI'C. it ha~ 111"'1'11 SllR.!!;{,sl,~llhilt. Iii".'" lIm"r IIlailll,l' ill till' 1)'1'" "r llolrkill!-: of
lh(' illmm:(. full,\' ('~lI'llIkd al'yl rhaills [IU:II,
In ndllitiul! to t.1](' iso!lnl'ic "xp"riI11O'1I1~ ill i11l1hi,'nl I'n'S,;t1I"', I khill' awl :!.:! Id';jr,
specLra ai, til(' lIurc!C'rs (If t.ll1' \'ariults pllilSl'll ill'!' ~linll'lI ill Fip;111'1' i.!"1 111,,1 till' nIlT'"
Sllollding firsl s!I(·d.I'HlllIUlIII'lllslIrl' 111011,,(1 IIs;\ flillcti'>lIuf Ill"t'SSItI1' ill lIi~'lrt· i,li.
Each o( 1.1U' isolll1'l"l111\1 ,·xp.... illll'ul.s is r"lIl'I'S"III,~1 I.y a ,lolI'lIwanls "lllpl,l' It'iilll~I,'
by isolhcrmal rmllpl'('.ssiol! 1.0 :l.li:l khm', \1",'11 illt" 1111' iltl,'nlip;itah~1 [>ha,;, .. SI','drn
\\'cl'I~lllllcI:t.edas1,111' Ilr,-,;.sllt"" was I"w,'ml ill a sl"!'\\'is,' filsl,i"'1 1"iI1lll,j"lIL I'I't'SS'IIt'.
l,iOll (mill ,'ol1s1alll t.1~1ll[1'·I'a1.11rP"Xl'('rillll'1l1,s 'Ill pn,I,I'ill,',II>I'I'{: [!Ul! al 1111' Silillf'
drop in JIll ill,O,·j kbflr 11Iilrks tlll' otlsd"f il liqlli,1 "l'yslnllitw pltasl·. TIIl'Sllt'c'l-rill
lincsl1illw below 1I1i!; !)I'('SSlire is I'J'I1i(:al "fll filSI Ilxiillly sylllllll'1.ri"III1,I"'·III;,r Itl"l,iull
(Figlll'l: 7.5),
AuotlK'" l;(;di()l1 of till' pILaS" di<tg;rilill was smllplpd I'~ lit,' p""SSIlI'I' Wil~ low"",'01
rl'Olll t.7 kbn .. lo 111l1hil'nlat O°C, 'Illd..t tlt,·s., "Ollllit.i"lIS, Ill'I'( :-,1';1 '11"I,'rj\'M's t.w"
ill Figure 7.,') i11111 the mm~sfl(Jlldillg; lil"1lt 1I10011l'llls Itl'(' p11l11,('d ill FiJ.!;Itt'I· 7./i. 'I'll"
hi~h euges at ±U:J kHz ill Lill' SIH~C:trtllll ill '1.,7 klJHI' (FiJ.lllrc: 7,Ii), i1S w"'l i1S tltt' Vt'l'y
high values of MI. imlicillc: L1lat tlll: lillil\ ~ysl.'~llI is in a ltil',ltly 1JI',I"wd IlltllS" willi
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. '111l101('clllnrmo\.iolls. Sl'l'ctrn 1111. lIS P ,. "'"r
('s'I'fl1.ially I'Ulllplc·tdy rroZl. . k, s [831 ill tlll~.\' pllilS!', I IllS IIIp;h
I Ill(' spl'rim OhSl'fW,d by Drisroll and COllor cr. . I 1V01.\\f'1" Illl'l.l101ls ilS
1l1ll1'1. ;O\\' \t'llI])('rnllln' pli;l~t~ hilS 11t't.'11 pre'l"ionsly (Jh~I~IV(,(', •pl"'SHU"'-,
w.'" If,(i, "7, 10'1, , "I 1.I>m",h 1..1:1 k'm,. "t O'C, tim IlI'I'C,"" ,""":"
As 1.11(' preSSl1\"(' IS 1m\( rec . I . 1 COllllcction with thr lSollllrlC
. I ('GI11llhilSt· dlsc'usscc II . .,"
ill'lI
uir
(' r('nlllrc~s lYP1Cid or t I . . . lS in I,llt' sl'('ctri'lllillc:;IHlI)(~ rdkclllJ!Tr'fCllIC.'
,'sl,,'rimf'Il!.;ll :!.:l kIwI", TIl(' 1',mOllS .~kl tl . Acyl thains ISCi]. A ~uhsl.alll.i1l1
. llU' IO('lIII'I1\'iI'OIIl11l'1I1, o( 1.111: dcul.('MIlS "Iuug Ie. rtill' (," f I phnsc (Figure
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Figlll'C 7,6: DI>P{~-d"'l ,'111 ilS il flllwtiDl1 ul lJn'SSllfl' ill. (IO( ~ (dia'IIlJlllls) ;'11,1 ']."1"( ~
(dt'l:1c.~),
At illl!lfOXilllilLf'ly II ..') klJlIl' 1.Iw lipid 1'lllf'11l I,ll(' l"r.l'stnllill" (I",) philS", '1'I1I'sIJPI'
tral liltt'shapc ill this phi'S!' is rougltly I.ritpl';.:oid;,1 with ~lllJtlldl'rs, ":d.l·rlllill~ I."
I"t·lativcly high intellsil.y"dp;I'S ill. ±G:I klk II is intl'1'<'S1.inl\ Iu 1101 .. Iltal. inl'·lIsi1..v
ill nli\xi11\UIIl splitting ilchlillly illl~TCa.'iCS :lS pn'SSllTl' i,s dl'('T!'IISf·'1. 1\ '·oll'·oll1il... ul
inerCllsc in All lido\\' the lnUlsitiuli also rdh'l'l.s t,lw irltl,ltsily iIWfI':!S" ill lI1ilxi
Ilttllll spliltillg (Figlll'c 7.G). III ligltl.of tltl'lli~('Ilssi'JII 'If l)l.]'(~-".,,: nyslHllilll'l'lu,s,'
llIel,aslilhilily (chllpter fi) iliid tIl(' mllbil~lIl p"l'SSlIH' lIll'I,asl.iol!i!it,Y of tl", ''l"ysliollill''
phllsc [\8}. exceplional C"iUllioll II1I1~1 11(~ ,'xl:ro'isf'd ill m;sil-\n'ulp; ph"sl·lJ"lIlt(li,ril',~ I."
tltis pllilse. At ambi':nt rll~!SSltre, 11!1'I11iltioll of tllf' r:rysl,;,llilw pitas" fl''lllil"!'~ iUI'1l
uccreasillg pressllre may lInls l'l'fl,od it kilteLic I'ro("(~s~, ml,]!!:r Lltan ,:h:IIIW~s f,'{W"('11
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"f/llilihri'llll Slllll'S, AWIIIIC!I' il1l<~r<~stillg UhSI'I'vi,l,iml is lh~l it is pllssihr" 10 obtlliu
tI", nyNl.n,lIilll: IIIIIIS'~ I'S II l"'slllt of a lchlliVf-ly fils\. ,·orllJlrt"'Niol1-11N:ornprcs.~iol1 ry-
,-I" tllr"lI~h til.: (,'111 (1I11d p"s.~il,ly til(' X) 1'11"';<: iL'; i\ll idl"rlHl1.il'<' 10 11l(' 11'I1l-\l.Ily
low l"lIljH'I"Ollun: IUlllf~/rJilig ill IIlIlbicnl. pn'SSlIl"e, Thl: ph,lSI' id(!t11ificHtioll iN 11<1.~,'(1
(JII till' "bsl'rwlLill1l Ulal thl! sp"eLnllll III iI1l1hi"J1t pl'es.~tlrc ilnd 0·(: following the
111·c!."~tlr.~ scalilliul-\ (~XIIf'rilJll~rlt is t'Ssf'tltililly illllislillgllisllil.hlc from lhe spedruTll ob·
t;liru'd frolll II IJJ'PC-Ilm s/1tllple lifter II prolonged IIrllbicnL pressure illcuhlltiot1 al
SIIIH',('I'o !.I'IJII"'rnl,lll"f·.
1\11 itll,I'n'sliul-\ way lIffulJowilig tllf' I"IIIIII)-\e:< in 111(-' :<pel'lrllllirleslrllpe ill' Iht' IHI'S.
.~Jll'l' is l"wl'l'l~1 frolll 'l.,i kim!" lo ambit'lIl is illllsll'lIll'd ill Figllrl' 7.7. 'I'll(' sIH.'c1.l'n
of FiWIl'<~ 7 Ji(ll) 111'<" ovr~r1l1ppell, ;l1lowing the Illf~t IH"Olllilll·lIl. sp'·l'l.r1l1 ch~\lges to
sl,inul (Jilt. TIll' IllOSt. lIrllllliltk sllcdral chilngl'S ncross tllc lransitiol1:< X -I GIll
illId (,'111 ......... I,c t;~k(' plnn' ill l.lw (requcl1cy regiolls belwcpll ,10 nud 6:1 kli? ilnd bl~'
I.\\,C'('II III allcl:.W kIf:.:. Sl'f'C·tl"ill inlellsity lICCTl'HSf>S from j!r" ~harp clINp-like feill-ures
at ±Ci:lkl[" ill tIll' X p!rilSC' t.o il minimullI in t.he (:111 philSl·. with i1 SlIhSf''1IH:Ul
illC'l"l'll.'lI' ill t.he I,c ph.1sf·, 11il-clIsiLy <lrouJI(l20 Idb~ iuncasl'S from II llIinilll1llll ill tlrc
S plIIlSf: until rCilchiligils hight'Sl, value ill tilt, (,'/11 philSC, llrell it dCC!'(lilS!!S ill the
cryslalline phllsl', 'I'hi.~ (}'PI~ of plot proves vcry uscrlll in lUlcing suhtle chilnges ill
j,lll'sJ!l'rl.r,l1lill('Shap<,s.
At ambic:IltllreSSllrt' Ole I.e Ilhnsl' is the.' most ordc)l"cd IH)PC pllil.':lc.' r1decled
ill llwl'l'l'XIU'riliwlll:<. Th., rOllghl.v \.rlllK!l.oiclal lilleshflpl\ sll~c-'sl~, tlJongh, tll1l1
.~Ol1ll' n'.<icluill ulol,ion ..1 rrt'('c1olll is ~till pn'St'lll ill tlri!:l phn~e, 111 fOlltril.~l. tlK' X
plw:«' at high pr":<.<I11'(· illllilow l.t'l1lpcr.. turf' is di~tingubhahlc hy very !rigll illlcnsiLy
ilt milxillllllll '~lllitlillK This rL'SCmblcs the bt'lmvioul" cxpected from completely
illllllObiliu'(llll'llkrmlS ill iI powder sillllple. One possibility is thal this phase resulls
from n pn'sslln"indu;:cll pnrlial Ilehytlriition of the bilayer, Spectra with features,
C/lilplcr i. OIlier IIr:wlf", Hel
_120 -1011 -Kil _(til _41) -211 II 211 411 (til Kit IlMI 1211
Spli"i..~!klb.1
Figure 7.7: O\'t~r1allllCd DI'PC-tl,;:.1 "Ill'l"lr<l ,Iurill,!!; <I"{'UIIlIIrf'ssi"ll ill 11°('. I'n'S.~IIr<·
WilS decremenled ill slcps or 0,1 [ kha.r.
resCfnhliugll1e;C of the X phil!iCspcclnl. havt'al!ill h.t'C·nlll~·rvt'il ill ;llIll,i.'ulpn-SSllr"
ilnd low ll..'1IlVCri'llurcl20j.
peimmcc t1lis phase diagralll ilgrN$ wilh eilrlit:r llll:tl:rvlllillns (I!I, !"oI'i, (it .l'tl, Xli. !KI,
971. The illllividllill,:xllcrillienL, at a fiXf:'! 1o'I,lItt: ur dLh<:r If'rrlpNlIlllI''' ur I'n's:tllrt'
arc ~howll ilS ll'il'lngh::I, poinling ill till: din'diull ur "nrilllion ur lilt' ,·..rft':ll'0..,lill~
dIe of the phllse region llcconliuK t.) til': 1l0IrU'lll'lul.llrl' lISl~1 111 tlris ll'xl.. Tlw pllmw
transitions, identified liS (k:Ncrillf:,1 l:ilrli,:r, Mf.· ~hlJwJt it' lIsl<!l'isks Oil till' tr;wks ..f
the judi vidual cxpcrirnc"ls. The arrows u(!xll" lIlt: lrllilsiliou:< slll,w till' .lir.·<:ti"u
Liurmr (!Xlrllp"latililis af(~ tls(J(!lo Sdl(!fllillic~l1y re"r'L'SClil the LOlmlogy of the phase
bOIlIlIII,ril~~. TIt(! low 1ernp('ralurc IlUrder Cl[ til(' I". JlIHI~e if! ralher wdl ddined ;Illd
is UIII.~ sll(,wlI with II solid lirre. TIr(~ slope of this Jiue ilS til" r)f(:1i~"rc is inueilscd
[row alllbi('rrl. lo t khar ilPPI:~TS Lo he slightly diff"'Telil rrOin the slopp lIbnv(' I kim!'.
Tlris lIIay Will'!:!. till! faet l.hilL J)PPC·d';2 lllllll'rgocs 11 IT'Hlsil.iOlr illto t.1I(! J'~l' plr~sc
lip lu ill. l('iI~L I kll<lr, whil(~ l\l2.2 khnr it ('Ult'l'S I·he f,j phi\!W ditl't:tly.
FiWlrl' i.::l: Il('pf(_'.~('rrlill.ivc (Ierrterium N!I·11l NIJec\.ra in the Vllriolll'i DI'PG phases
i(I('utili/,tt in llIL~ ,,'xlll'rirllI'11t.
'1'\\'0 ft(ldilinll<tl I,rl\llsitions [1'011I the 'Ji p1rnsc, olle isobaric inlo the GI {{ plmse
alltl utl(' isuLllcrlllftl inLo til(' PrJ' phl1sc, ~re used to obtilin it general idc~ abouL Lite
,'Xlnlsinll of lht, inlt'rlligitl1h'd gel. Addit.iow\l ll!C<lsuremcIlLs Me ncccs~ary for a
n%,htt' dt'srription of the phnsc houllIlary, whic1r may llOssibly ('ontain triple points
Chapter 7. Otller /fest/It I' lUi.
I.;, I'~" LI/'. or f,,;. "II'. r,' f fll{il. !JT. S:lJ,
Tlie phase hO\lllt\~r,.. 1Jl'~1I",('1l t1l1' (,'/// ;llltl lilt' I., pllww~ i~ ;,l~ll 11111'1";11' n~ H
('onsClIUCll("1' of the Ob~t·l"\"lIt.ioli II'al,. al '1,:.1 kl.,lr. I)I'I'(~-tl,;~ "lIlpl's II", (,"" pll'lS"
vii1 1llf'111P'~I'~tllr(' t.Till1sit,ioli frolll t.11l' /.; pllas,·. II'hil,·I.h,' lil'i,II"HI"'.s til<' (,'111
it n ..Ojilill of the /', I'hilSC' lllclastHhilit..\" a t,fallsilioll 11110 lilt' (,'I" pllils,' i~ O"S"l'\'",1
under i~ot,herllli11 COllll)I',~sioll frolll 1I1l' f.,I' ph'lS(, {Iii. !IT. S:I. I'll]. N"\"t'I·l.h.·I"ss.
the high tCl11lWriltllrc hOllndary of till' (:111 ['hasl' is in 1"I'l1sollal,l.. a).!;n~'II,,·tll wil,ll
pi I flSC. It. IS 11"~Cl'ill/'d!ly t.Wtll.rilllsitiolll'"i,ltll.OI1I' ,II. '2:2 kl'Hr fml1ll.llI' (,'/// pln.s,'
into lllt'.Y phIl~" m,,1 OIW al DOC frtJlII tlll'.Ii 1'1'1IS" illio II ... (:111 I'hmw, TIlt'
lise of fI dll~hed Hlle in FigHrl' 7.'1 I'dl,'('ls till' fnd Und, 1,1 ... Inllsit.i,," illl-o !.Ill' .\"
pha~c is pl'ohnhly liHgely dOlllinnlt·" hy tile' killl,til's of !.lit' 1,lIils,' fIIlIV,'I'siull 1'111.111'1
thai! rdlcct.ing the rdalive stability uf tIll' two pIHls,-s, 'I'his l)l,ly, as 11",11. Ill' tilt'
1'ei1S01l behind SlllllC dilfl'I't·lIfl'Nl..:1.wct·H tlw,s!' illllllll'I'vi'JlIS 1'l'Nlllt~ [.sa). '1'" illllsl,l'llk
the df,~d of lrnllsil.ioll killdit'~, 111f: lillill SIIHIWIlSiofl lVii,S rapi,ll.y 1.1"0111-\111. w,·}1 illllJ
the expected X pltilSC rq!;ioll ill fill ,ull[jliolllll,'xjwrillltml (1"iJ.\lln' 7,·1, solid l'irf'l,·s),
Initilllly the ~1l111ple wa~ I'tlll\\ih1'l1tl:'d in t.h,~ liquid t"1'.ys1.;dlilll· I'liilM' I,L ,Irlne ntlll
ambielll prt,.Ojisl1re for:lO Illiulltes, Tllt·n it WIIS ,·oll1!,l'l·:,,-;,·d iso1.lInlllillly 1,0l/.'I'1 kiwI
ill the 11(1" where it. was 1IIIIIt'all:<I for 1111 ,ldditiomlllllllll', A snlls'·IIIl"lIl. l'wllIU','ssi"ll
to 2.;.1 kblll' 1111(1 h"aLing to !iUoC I'l'slIlkd ill ;III illt'·I'rli).\it.ilt,'d ).\,·1 plli's,' l,fl.l'I" I,ll!'
lipid IVM. cCluilibrat"d rill' illlpmxill1lltt'ly two 111",rs. t\ slllls"'IIIl~lIt n"llill!~ 1.1, ~()"('
liver approxilTwtdy 1.11'0 hOlll'll WilS folltlll'/'{1 by "'lllilillrl\tion fur ,Hi Illiulll.!-S. Till'
preSSHre WiI.'! increased to 2.82 kh;IL TIll: SpCf1.rUIII l'ol1l:dl:lllllIll"1" I.IIl'.H" t"llurliti"lIs
revcillcd rc.ll.turcs suggesting all ow,rco"l':lJ r," I' 1)11iI1II~. Ow:r" IH~ri,,,1 ,,r Ii 11I",r~,
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I'n~~"r.' ;'/lfl t"II'p.~rlttu""'"(II.. lilitJlIs, lipiol n·<lrgltlli1.i1liOIl ili lilu\\",
7.1,2 SUllllIIAry
i!il,tllf'rlllill lIIHll1lpn~~illll T'1Il1Iitiollli, ,lInl for till' lirsl I illll', 1llldl"T i.·'oloilrir l"(K)I·
ilt}!" IJ''l'i,lf'S I,ll{' i111111il'1l1 11t"('!<.~lIrt: Illt'flllolrtl1,i,' phaNt'll, il ll111llhn of hi~I, 1't'l'llN'IN'
JllliI~'S Wl'l"" "I,st'n',"!. '1'111' 1l'1l11','rilt'ln'or lin' tr;lllNitillll rrOll1 III.i,l illl.O 11101''' nr,
,11'1'...1 pllilSl'l' Willi {"uHdlu itllTl'i1S1' wit.h 1'1'l'S.'111l"f' Ilt Ill'l'roxilllHlf'ly 11°(' p,'r kimI',
At :t,1 kl!i,r till' lipiflllll.ll'I'II'PIlI au isolJHric trllllsirinll rl'OlIl I,,, din'dly iulo illl inter-
,Iip,ital,,',! I" plmSf', 1I1l'I!1 rllrtlwr roolillg, Dill'e \l'ilN TOIlWrktl ill10:l high jll'I".'INlll"f'
.r "I,;,st,. Parti;,1 dt~'()IlIpr''lI.'1ioll r,'StoTl't1 tllf' (,"" ph,1S1', COll1ple'lI' rl"lI}f)\lll or
prl'!<.'111Tl' Tl'SllllPd in il l"T)'NlilllilH' ("~) "III'SI', ollll"rwiSl' i1dli~\'ilhlc hy 10l1g t.'rm ilt·
l'ulmliull ill luw It'llllwr.llurl', This sll/oQ1;''llh·tI a rillli way or ohlilinil1J; lhe cry:dalliu('
Ilh;'!il' via f\ (,IIIl1IITl·lt..ti/ln-nlOlillr;·,II'COlllPT<~sioll T}T":, Tll('.'( <tntl the f' r philSl:;!,\
\\'I'T<' dlarat'l..ri1.l~1 ill' \"('1',\' slllw l1Ioll'c.ulllr fl.\"Ilitll1irs, floll1inaling 1111" tri\lIliiliotlli
7.2 Memhrane Cholesterol
(:/l"lf'SI,I'rul is II 11OIY"Sdit" ;1lt-oIIO!. round in musl highl'r ilnilllill (1.\1 IlIclllhn1!lI'!l, It
plll)'s 1m importllllt rul,' lIS II, pTl'l'llrsor to it llllllllw., or honllolll:s and bile Nalls
ill llI;llHlllills [I :111, TIlt' pliy,~irnl properl,i"N o{ ,lillcyl PC/dlok·sll.'rol Illlxluf"CS.
ill till' rorm or IIlod.'! tl1l'lIthralil'S, hav{' Iwcli studied extensively hy n vnriely or
"wthmls [lfi:!-17,lj, A IlllnS!' llillgrillll of l'1l!t·('l.ir.\17:I, 175} tY1l1' for thc systetn
IH'I'C/dlolt'!ll{'ml ha.~ 1){'1'1I r1ctl'rlllim.·d (rolll Ni\IIl, DSG iIllll EPH l'xpcrill1Cllls
Ch,1jJf,cr I, OtIJ("rJl('sI1Jt.~ llIi
[HiS, lui, liO. 171. 17:\. li:l] m\tlll1l~ nil") ht~'u pn'llil'il'd Ihlwt'lil';lll~'lt ,!i 1"';11].
T!le liquid disol'tlen'd pllilS<' at ;wrn {'holcl" ,'wl mll ...·lItr;llil'll l"lilll'i,I.'~ with I.!l,·liip;h
tl'lIlllcl'.ltun' ph"s(' of the llI1ft' lipitl (I",). \ '1'1l1l ttln.'ilsill~ ,·hult-sI.l'1"o! nll!l"l'111 rillillil
Ilt Il'I1lI){"fll~\ln's do~t, to and allOn' 1,11l' [JurI,lipid 11I;ltllt,r;lllsitiull h'lIll,,'mLlln', tit"
Hpi,1 :;ystcl11 III·c:;1I1I11I11Iy (,1'OSSI'~ a two ph;lS" t"tlt'xisl"1I11' r..~i(lll ilS il l'IIIt'r", a t1l1id
ol'tIC'I'l'd (I,,) [Jh;1.-~e, ,n tile' I" phils\', I,ll., 111O!.'l"ul<1r 11\(llinll~ ill'l' nxinlly s,\'llIl1h'lril",
hilt 1.111' widLh of LIlt' pow,l,'!" pnt.l... rll i~ SlIhst;1I11iilll.1" illn";lI<,~1 i1S 111'(' tl1l' ,1l'UI"1l1l1
first spcl'Lfll1 1I101l1l'n!s for t.11l' lipid, 1l..low 1!l1' p"n' lipid l,fallsit.i"I' kll'lll'ntlll'"
t.hc hila..v('l' ,'xists in its gel ph;l,~l' liP I.lI ;'!HIIII,:i l'lill,~, d,.,I,'sll'rlJl. 10'1"'111.""' 111,,1 'X, t.,
'2511101 % the lipids Ill'll ill 11 two phmit' W·I I" '·IIt'XtS1.I'lIl·I' l't').!;iUII, H".\·lOl\.1 '..!:, 111"\ %.
thc!hililycrisil11.he/"plIilSl"
t\(, ;\0 mol 'X, chol<'S\.pr,11 ill Dlllle·rlm • 11ll' s,,"sh'lIl is ill il litllli,llll'll,,1'l',[ l'lim",
ove!' i1 vcr~' brOil(1 I'aUp;r. of IC'Il1Jl('r;ILllrc'~ (17.""11. "IIJ,lirnti'ul of Ily,I ... ,stlll.ir 1.J"t'SSIl1"t'
hlls hecl' ohscrwtlto h~\·.' lIU mclering dl'p,·t. (IU a I)MI'(~/d,tllt'S"'1'(.1 s.\',~I"lll Ii'..!, X!ll.
The main isslil's ilddn.'ss"tl ill t.hl' pr<'s('nL stud,l' ;H"l'; liTsll.\', whlll l'l["pc!. ,II~'S prr'S~ln1l'
II<In' 011 the nrpCfrh(lII'Hlt'rnl pIIiIS.' I",halltollr; Sl'I·HII,lIy, ,1",'S <'11,,1,,~It'roL 111I'1"r
high prcssl1T1', I'l.'lTlilm in the 1J1'1'(: lJihl)'er, whidl i:-; hllWII 10 I,.. Illou'Hi"tI''I"."ll.ll;1I1
t.he DMPC lJihl.ycr at fOlTI'sponding IC'Il1IH'rallll't-s I:!:!j; lIud l,hirtlly, ,lUI'S dlulpst"rul
impede the formatiOll of 11I1 illlt'I·,ligil.ilLl~1 ~d, II"hidl is IJlU!"" c'ilsily form",1 ill I )/'1'(:
in compal'ison to DMI'C,
Samples of :lSJi 11101 % chulest.erol ill 1>I')lC IWI'(' IJI·,~pill'l'd Ily 11Ii"ill~ till' 1.1I"t/
lipids ill ('lrlol"Ororlil solution, thell ,:wtpOra1.ill/\ Lilt, st/lvI'ul 111l1!<'r dry nilrflJ.!."ll Hllw
OV(~f apPJ'oxilll.ltcly 10 hours, After the SOIVl'lIt was l'l'lIllly..d 1.1lt' lipid mi"l"ll"l' was
YilCllllm-dricd for <I.!j hollrs. Slls[Jc:IIsillllS of ,\ILV \IWI· pl·f'pll1'l'd by Ilydr;d.i"ll ill
OJ M phosphate hurrer (pi I 7.2), Thc~ lipi<.I.llIllrer nmlpusil.ious 1'1."." sIlIJs':'1II<~nl.ly
tTilliSrerrco into polycUlyl{~JIt~ tllhc.~ au'] l....aL,sl~id{:d. A s1.!Uulilr,1 '1IUll]I'llp"]': 1~:IItJ
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s'''I'wrH'l' \Vas lI~l',J witll 7f/'.!. puIS() dUl'lltioll l>l'tll'I~'1I 2.:Ji'i Mid :l...l II~, The pilise
sl'pln'llt.i"u Ils{~d thmll1;llolll 1111 l'xlll'riml'lIts II'<lS :\:, lIS. C')W~pt fo)' !Ill' rdln:nl;oll
1I11'IISII n'IIIl'lIt~, Tr;lIlSvl:rSl' I'lolllxalillil l.illll:!i, T~,. \I'I~n) extracted rrolll t!lf' dl:rtPIlSC
Iff LI", sl'ldral Im'a as 1.11" Illds{! M'("UIlt.i.lll \\'11." 1'lIfiL~1 ],clwrl'lI 20 lIS I1l1d (jOO l'S.
'f'h<, ,t'·f·ay I,irlll: Iff Ilu' '1IWdl'llll"II' 1~'1rll Olllllllillllll' ll;ilVt" v,'ry Sil'li Illr n~lllt.s, 1':'lCII
'~II,~:l.rlllll \VIIS ul.lllilll'd loy IIvl'raAiul\of 1J('III~~'1l l'\()OO ;tllli 721K)0 I"IT{' ilUhrct.ioll dp-
nlYs. ()Vt'r~llllll'lilll\WIIS IIspd II :!!IJ, tl"~IlI! itr/: ill dfl't:liv<, dlll,1I tillU' of'.!./Is.
T.:!.! Itcsults nnd Discussion
A 1<1 LV SIlSI'('IISiuli of ~S,!'j 111111 'Y., dlull'.";!.{"'ul ill dlllill jlel"llcllll'rlll.ed DPI'e-rlm 11'<l~
stlillil'd with d"llli'rilllll N~fH HI. 1I1111,il)ll1. mill ,,1,:I'ilkd pn'llS!l1"C, IlS 11'1'11 11.~ il\. it
lis,~1 l.PllIpl'rllC,IlTl' as 1.111' pWSSIlTP was vnril~1. J\llllllbil'ut Im.'SSIIl'l', "XI)C'l"illll'lIts
II'NI' ("ilrri,'d 0111. 11I'1I\"(·"II@oCHIHI0·C ilS till' Il'nl]JCrIlLlln, was c1cn'('lIll'n[pd in :l°e
sl."ps with l'qililihrlll.ioll (Jf ilpproxilllnlel,v 2lJ \.0 :10 llIinutes prior to m!lC'("\.iol1 of
"ndl I'n'c' illdlldi(lll ,lecJIY. Slll'el.ra rHllsisl. or sLlpcrilllpos('(l I'llke pOll'd..r doubll't:--
wl:irh J;rmlui1\ly lm.l,ldcll 11.< Ihe tCHlp,'ralur() is dcrrcnsed 1.0 npl'mxi lllnldy 2()OC, At.
10\\'('1' l,(·lllPI'I'll,t,url~, the f)I'I'C·d"·l lilil'SllH pc l(Jse~ its nxinlly syllllllet.ric b,t.ll:",'S ill it
ronlillll01lS way. This if( illurrol'cl with 11 Pl'l'\'lOIlS observiltion uf il very Immd f('alul"e
dunhl('l.s 1111' illdislill~llisllillrll' IIlI(l 1.111' spC'c1.rlllll Iw(oJl)('s I1lUl"I~111111 morr'silllilnr 1.0
sl"','(,rH 1 1t1l11l1{'1l1,l! fl"ip;un' 7,10, l..'ll1ply fir'el,'S) iln~ 1I111ch higher in t.his ,:asc t.lulII thc
rurrr'spollllilig villrU'S itl 11U' li(luid cry,<tallirll' phase of pure IlI'PC (solid circles) at.
tll"salll(' t"U1jll'fillure, y{,ttlll'}' remain lower than All in the IJI'PC Pili pIIRSC. 'l'llis
l,,'!r;ll'iollr i~ ('Ullsi~h'IlI.with ('llr1icr lIll'aSt\1·cllI,'lIl.s prJ;!, 16(1, 167, 170. 172. 17,1, liTiJ.
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Figure 7.!1; Ikpn·st.'lItllliv(' dl'lIll'rium NJ\IU ~[1(~'I,l"il of tl.:.r, Ill"! l){, "!lul,osll'nol ill
DPPC·dn:: at nll1hiclit pn-S!itlrl' (J.{q ;1IIt! I kl,al' (rip;ht).
II,vdro!il.<'Ilir Ill"csslircof I khnr Wil.~ llpl'lil',lll1lll1' IJI'I'C~·",,'ddll,I,'sl['n,1SII~I"'II'
.~ion llud SPCCl.l'll were l'olll'("1.'11 ill' tl)(' tl'II1[1"I";1I1I11' WilS IllwI'n'd in ~l."l's "f a"c' from
inoc lo ,woe. fligher till valul's IIlId hroillll'I' slf/'f'I,rll SIII!J!tsl. I,hid I'I"<'SSIII'O' hi,s ;111
Onll'l'illg dfed Oil till: Ilhos[lllllLidykllOlilll' 11111illS (I·'igllrl' 7.10). S[Il"I'I,1';1 (If IJI'I'(:
khar. Near l.If(~ )"\1....' lipid tl',llIsitiulIS, l'utl'IOSI'Ollolill,t.!; 1" ",wh fln's~llr.'. 111"1"" lin' II"
Hnd lltmllbicllt IIl"CSS!lrl'.
Figul'<: 7.11 shows th(: s!)('!:1.m o( thl~ IlIJI'(:!t:hlJl"s!('rol 111ixlllrt' ilS II", sy:-!."l'l
was coolt'(l (ro11178°(; In·I:.!''C ill 2,1 kIwI'. 'I'lli' hilayl'" aLlllis 1'1"l-s.'III'" i:- illl,I ... li'l'li,J








Fi,l!,III't, i,IO: Fir~1 ~I"'dral 1111I1IH'llls f"1" l'Ill"<' 1)1'1'('·'/';1 (soli,1 \l'lIlhuls) IIlul
'2:'\,;", m,,1 'J;, (hllll'Sll'rul ill 1l1'1'('."",: (oill'lI s.I'lllilols) iii ilIllhi"lIl pn'sslln' (,·ird~'S).
I k)';,r (,Iiarll"nds) an,1 :!.2 klJ;lr (lri;lIl~I,'S) (2.1 khill" rlJr tIl<' miXl.lll'f').
S.I'st"1Il '"l1l",p,'lI's n l"IJlltillll'lIIS pl'<lSl' "hall~" 10 iI !!,"I pIlIlS'-, Tlw sp,~'lrll ill this
"..I I'has,' (Fi).\ul"O· 1.11) d"s,·I.,' 1"1","'1111.],· 1110' litll'slwIK·.• oll.<nl"l'fl ill 1Ill' I~/, pllilSI'
"rllll'J,"rl'lil'i,1 hilil.\','r(I'i,t:llr"j.J(a)). ,'t ;ulIloi"lll I'l"I<:iSIII'I.' llw !lopl"r 11l'1\\H'1l
11,,·li'llli,I,'r,I'·!'l·,J [,'ms,·itlll! Ilr,',!!;"I.I..IWIl pltnS{' rt.'giol1of 1.1u- 1'(:/chnl'':'lf'l'Ol pltilS<'
,liilA!";1111 117'-,1 is almosl \"''I"lirill ,111,1 rillL~ 11('1\\"'I'II:W anrl2:, Illul 'X, dlol,,,,II'ml ill 1IIl'
I,ilayl't. ,\1 ,I ('1101"._1"1"01,'1)11<""111 tal.ion or 2S..'; 11101 'fr' Ihl:n,rOl"" 1111' W'l l,h;I~(, ('uliid
~.I kl'ar II", ~;11111,1,' i.~ ill 11 I,. Ilha~(' ahnl"l' ill"(:. !\~ Illl' !"tllpl'fil1ut'l' i~ IO\\','r",ll0
Ch"pler i, ()I!lf'r I{('sull.~ 111
'12"C il \lII,I(']"~Ol's i1 nlillilllltlllS pllil~" "11;111~"1(1 a ,L:.,'lllhaSt' (Fi~IIl'<' i.II). 1'IIIIs









Fi~lIl"t, i,ll: Ikpn'S('lllilli\'" r1.'ull'l"illlll ,\Ji\lH spl,.·tra \If :tl\..'j 1Il"I'X, ,'hol,'sl.'rlll !ll
1)I'l'C-II':1 al :t.l kiwI' liS I hi' ["1111ll'rnllln' II'<lS \'<lri.,,1 (a) Mill ill ItIU (: ;I.~ 1,11l' Ill""SSIII"1'
IV"S \"ilri,'{] (h), ]'n'sslIn' is showli ill klllll" Iwxl 1'1 "iwll sIH'ell'lllll.
Pml1ilhl)' [,II<' 1Il0s1, sll'ikillj.( rl'~lIl1, rroll1 till' is"IJill'i<- ('xlwrillll'lll. ill, :t.1 kl'iu' is lilt'
slIJlprf.'~;si()1I of til(' 11ilnyl'l" illt''i"fli,::ill11.ilm, oll~I'n,,'(lul1t["r lik,' ...,llllil.i"lls ill 1111'1'11""
lipid ".\';<1"(11 (l"il;l\l't' 7.:1). ,\ '·\>lIlTlIl,,..,1.iIJIl of:\H Illl'\ 'X, .·II"I.'S!Pwllli's I""ll ,,],~'rv,',1
10 illllihi1. pr,'Ssl1l"1'.intllll"l,.1 illll'rrli~illltilJll in 1):\11 1(: !i:!1 ill,,1 <lI",lull·ill.I'I,·.,,1 illl.',
digitalioll ill IJI'I'(: [!JX). I-'il;lIn' 7,11 (il) slul\\'s ilxiidly Syllllll<'ll'i,' SIH"'1.I':< willi widlll
CJlllflL(Jr7. Othcrlle.m/ts 112
IlIntrl'!IIls wilh l':lI11wratlln~ (I·'il;un: 7.10, empty Lriauglt.:l;) i~ continuous, with only
i~ l;li~ht dlHIIW: ill th.: slopI: of Af l versus \(:mpc:raturc: indicating the occurrcnce of
till' ~d IlhiL~(~. First llI(JI1I(:III"~ for pllre DPPC-dm III 2.2 khar liT(: shown throughout
till) I.", I,; Mid Gill 1l1,IISCS (Figut,(! 7.10, .';olid triangles) II..~ a rcfcre!we.
Th(~ al)(Jv,' nhSf:rv1\lions Oil tllc phiL"l~ hehRviour of the PG/r.holc:slel"Ol system
1(~il.(1 to tht: very illlport,H1l wnclusion that chok'Sterol remains iu llw lIlembrane
('W:llilt:.U khar.
iut..'rVilk Tit.: t.emperature hdmviollT of thc system over this interval WIIS round 1.0
1H'I:lIltlpld,'lyn'vt'rsihlc.
A .le(·uJlIllrf'ssioli cxperimcnl wa~ pcrforllll'd al 'lOoe hel.wccll 2.21 kbllr llnrlllm·
hi"lIl pn'ssm". As tlte pn:sl;llrc WiL~ lowered in steps of 0.11 khM, the l;allJl'les wen:
1l1lowl'r1 to ":itch equilihrium for 20 to 00 millutes per point prior to spedral acqui-
sition. Th.: rllrrCl;polldin~ SllccLra 1m: l;llOWIl in Figure 7.11(1,). The slledrulll at
:l.'.!l klwr III. ,llJO(: ilgllill closely rcscmble); t.he spectra of the Pp' phnsc in pure nppc.
Th.: spf'drn ludo\\' I kiwI' nUl he cow;ideTt.'cI ilS dlilractcristic of tile £Iui(l pliasl' HUU
Ule sped-fa ahm·t.' 2 kbHl' al'(: tYllical of tIll' gclllhllsc. The ])1'I'C/c1101I.'sterol sysLcm
1I11r1.'rg()(~ ;~ cnlllilillOIlS pha.w. change hctwecn t.hese t.wo pressures.
TIll' fin;l. slJ(~dTiII tlIOllleuls for the pressure experimeut arc shown ill Figure 7.12
llS II fUllctioll of pn.'!lSUI'f' together with Lhc rorrcsponuing trllllliverl;C rdaxation times.
As t.he prt'llSlIrc is lowered. MI decrcill;Cl; in a cnllLinUOIlS fashion, displaying a I'cgion
of allllo.'!t. const.ilnt \"alll('s helW{.'Cll 0.75 khat and 1.2!i khat. 1\ concomitant incr('lI..~c
in '1'1< i.~ observed, 111lhougll this ilicrelll;C is l;lightly l;hifteU towards 10ll'er pressures.
III 1.11f' W'I phase 'I'1r. is I's:ll:nlially COIlStllllt and M! decreases monotonically with
2.11
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Figure 7.12: Finl slJcftral !noments .11111 tl'ansv,'fl'II' l"l'l<l~i1tit)Jl l.illll'll, '1'1"' ur
28.5 mol % cholestcrol ill DPI'()-11(l1 lL~ a fUllfliull of IJI'l';iSllrl' ill. ·lIt(:.
7.2.2 SllInmary
Cholcsterol orders the DPI'C lIui,1 plw..s.. ;lfld dil'llrtlt:rs ib gel 1'II<1S1' 1.01,11 ;,1. lull'
and elevated pr~Sllr(). Ad(li~ioJlof 2M}, 11101 'X, rlloll'stl'wl to a I)I'P( :.,J,:~ 11l"IIIIJl'alll~
removes the slll,rp transitio1l obscrvc~1 in pure JlIICJsjJllillillykllolirll~HI. IlllllJif'll1. pn's·
sure. A pure gel pha.'1e is forl11c(1 hdow ,Ir,oc 11'11.:1\ tin' I'C/l'lItJll)st.~ml It'ySIl~lll is
cooled al2.1 khaT. When ro11Jrm~s..«~d lo 2.21 kllar at '100<; till' f"('sllltin~ s1.atl~ orthl'
lipid mixture is again a pure gel. Opon isollwrl1lal ,1.'wlI1pr<'ssifJn ~his 1-\',1 I'II1L'Il~ i.'1
converted into a fluid ordl:red phase ill a f:OutillUIJllS fllShiou. 11 nUt III: ".,ndu"l·ll.
therefore, that hydrostlltit: l're:lsllre ,llrcds v"ry littl" lIle <:IHltillllUtiS dmrm:1.I:r or
the DI'PCjcholcslerol mixture al lhe abolle nHlCf~lIlralioll. M('a,~l1l'1'IlI"lIlsof LlIf'
lransverse relaxation rales inclica1.l: a r.lJulillUlJlIS dlarl~f~ ill tlll~ tJllll'~f:IlIM dYllall1i<:l.
JH
lhnlll~IJlJlIl lliis n:J;ioll (mill IliJ;llf~r rdllxillioll rlllcs, which lin' typical o( the high
1'":;"~I1":,;d I'lLaSf', tl' IOWN fillt~, .....hich iln:oIlS('r\'f~1 inlhc low pressufC fluid \lhasr..
Wililin lIm hi,,11 Iln'S.~lIr,' JlII/'~ tlt'ltrilllsn:r.;l· n,laxltlion ratc is l'S,o;.::lllially constant
IIv.:r 1I11' "":IJl'rn:.1 pr'~lll'i' illkn'lli. Choh'Slcnll lit 11 l'utlc(:IItr/ltioll o( 28.5 11101 %
I'wVllnb llll: (ormation fl( a hip;h flrr.s.~lIrl' illl,llr,li,r;illltoo gd. wlii...h is tit" sl/lhlcllhaSf:
fI( 01'1'<: ill '1..'1. klll,r. It is rondurll"l.llhill, t'\""ll ilt\m"S,~.,r('11 as Iligh ilS '1.'1. khllr,
dllll.'Slf't1l1 i"~ nllt l'xdll,I",1 ftlll1l lilt' phospholilli.r hililycr.
Chnptel" 8
Concluding n.Cll\nrk5
The propcrlil,,"!; uf illl illlpurll111l dm.~ uf \,iulIlull ..·..I.'li.llw 1,lu,~l'lu,'il'ills. \n'n' stu,1
k'l1ulluer hydrosliltic PN'!I.~llt.'. V,uiulls ilsl",ds IIf I.Iw lIIol"l'1I11lt 1...1lIll'iulir "f tlin.. '
ligated Ill. prcssur.'s b.:LlVf'('1I 1'lIlhi..111 alld :?7 kll<lr 1I11c111'lltlll'I"HI.lln·s 1,0'1,1\"'('11 -:m
.1(~lILcriuln NIVIIlI1I('1\Sllrl'IIlI'l1lslo 1"'riltl"il.. llmL 1l1Illl'I'Sllrl, 11 will!' I"lltl!!.l'"fl'X10l'l"i
lIlC~IlL;,~ cotiditiolili. 111 il(lllitioli to its ;,hilil,V I" nl'l'filil' III <'1111.'11;0111. l,l·ll1lwral.lIrp, I Ill'
lIew prohc is t~llliJll'lxl wilh II pl'f'li.'lIIn· slill,ili7.1·f. 1,Il"willr:, rur "XI,,'rinwnl..,Li"lI 1111-
.Iet isoharic COllllitioliS. Silllple d''liigu Mill l~pl'rIILiutl, luI\' ... .0:-1.. IIM"luli.r ""il ,ll'lii~1I
rollt<lnlclt..·d solid stllll:' Sl,,'('"trollll~lc·t112SJ.
Thcchaiu regioll or IIlllhn.'t, I'h~l'hliJillills was sLII.lil'tlultll"r 11 \'1.rid'l"r Iln-s."UIl·
and temperature ('omlili'JlI1<. I'N......."I'(' \Villi fU\llIll tu Inwl' illl "r,I,'rill)!, l'lfl'l-t Ull
the acyl chaius at ,'OUSIIHlt ....IIlIK'mlllr.'. As 11 rl'litlh uf Ulill. t.11l' Ulidall-s.'1 uf lilt·
hytlrofilrOOl1 !"l'gioll \\'ali fOUlld lo im'N'IlSl' with prl'S,'1UT". Tbi~ "orn'llJ>ul1Illi l,u i1
dCCTCil~C in L1w hilayerllrl'l1 Iwr lI1ol"':lIle.
lh'Htlgroups wcrc~ rOlllld Lo n:spollllto H lll'l'rI'H.~l~ ill IIU l ll"'lllil1' ;,rl';' I,y l.il'l.ill)!,
of the whole dlfllill'~ l1Ioiety ..wILy frulll tlw hili'yl'" ~lIrrll'"f'_ (:ul1furlllill.iulIl.1 dllIIlW-S
ill r<.'SpOll!;C to illCtflllsillg IIr .h,:Ctf~iL..illp; mok'('1l11lr ilrl'll \\'I"'ll nl'SI'TI'I'I1 ••1' ;, r<'slIllof
(;Ili/pl,:r H. r:"ndlJf/jug Umllilfks 11(j
<:fJIJIIII'f'ssinll WilS f01i1it1 to 1m v,:ry silllil;n tu the f:Ullfol'lll<ltiolial clWllgcS l'f'siliting
fnull 1,11" I'I'''S''lIf'': of II \,il;'y"r SlIrfi,..;f: I:harge. The ]"l$I>OlIse of 1I1C hflllflgroups (0
dlltll,I!PS ill lIlol,:,'ulill' lin'" ("111I 1l1liS I)I! IlsNI i'S a molecular prohe, or ilifliciltor kr
fullowill,t; Slid, dlitllll;cs. TlIf: Im:ssme.ill,llIc",1 hcad.t;rollJl tilt lowards lite hilnyer
lI"no;lI, l.lJgdllf'r willI till: illCrellSf: ill till' hydmpllClhi<: region t.hickllt'ss, suggest ili)
OYI:I'~)1l illcn'~IS(: ill Lllf' ll)"lllhrimf' thicku,'ss,
EI'~\'Ht.',llm:sslln'WilS (ollnd 1.0 jtl(,Tl'~IS" L1w ,1is("olltilLllity acro~s tILl' lHain t.ran-
sitjull of SOllie hil~IYf'l' [ll'O[lf'rl,if'S, sHeh as orienl.iltiOlI1lI ordl'r, bilay,'r l,hifkn':l!s ami
iI!'f'il per li"i,1 111lI1, (1Ih', ('lllllllirilig ill (his Wil,\' 1.111' IiI'S!. 01'<11:1' chilrllc(,'1' of the ll'all'
sitil/II, \VIll'1l Im'SSIIl"'\\'j1S illf"l'f'I1.SCf]i1t "OUSlHlIt li'tllp('I'a\.lln:, 1I11' maill transitiol1
was lIlJSI'rVf'.1 lu ,HsI.lay strollg"r (irs!. onl"1" "l",r/lf'lf:ristics a\. tIll: higllf'r l.nmsil.ion
t"llllwr;II.IIl"f's. These w,'n' l.ilkl'lI llS lUI illdkillillll !.Iml high pre;;sure s'lppre~s('s the
rull' uf tIU~l'llilld'ylimllif:[Il1dll1LtiollS a1\d drives the lIJailltl'lHlsi1.ioli awny from it cril~
in,1 poinl. All inlf'I"f'sling cflllsequellCf: of I,llis is t.hll fns1.er chnllge In hilnyer Men per
ll\u!l'n,!p illllll' viduity of I,lli' trllll1;itioll for 1)1'1'(: I,hall for D]\,II'C a\. lhe SilllLf~ I.I'IH-
pf'rlll,ltl'l'. As II result. lllf' llf'iHlgroup cOllfol'll1;,tiOlla] rhilnges in DPPC 1\(:;HlgrollP~
IH',' JIIOl'<' proIJ(J11I1f('(ll1WlI ill IHIPC,
A silllpl!' pllf~lI(lll)f'II(llo.t;in,llILoddItl], hilsed OlL iI LalidilU eX]lilllSioli of till' frf'('
1')lI'rgy, was lIS('l! for ('Olt\lwrisoll bcl\\'('fm tllf' elevated and the ambient pl'<~sure
propl'r1.if'!l of t.Iu' hilllyf'r. t\lIalysis hilscu all this lllodclllrOYiclf'd allditional support
10 t.h,· SIIAA,'slillll l,h,,1. till' hilayer 1l1O\'f't\ mm,\' from iI nitieal ]Joint wilJl IIIf:rl';\.sillg
[l1'1'SSllfl'.
ll.\"llmst./ll.il' [lI"f'SSLltl' WH" obSf,t\·"d to 1llfed (he l"lllllf'ra1.ure of tIll' VllriOLIS lipid
plms" Lrau"it.iulis ill dilr"tl'lli. WlIYS, '1'111' mftill l.rnn~itiol\ ill I)]\\PC wa;; fOllmllo hf~
II"'!"I' sl'lisitiv(' t.o prf't<SlItf' than the slIhLmll~ition. III DI,PC. high Im:ssLire 1V1I~ also
found 10 flt'fIlllple IIII.' two t.rFllLsiliollS b('\'w('('1\ the li(juid crystalline, llLe gcl illld
Cha/Jtcr B. COIlc/llt/iug frC'lIIirrh IIi
the cryslallill(, plla!lC'l. whirh o\T'rlap 011 i1mhil'1I1 I'n.,.,.lln·, t1Il'Tl'hy ,,11,,\\'ill~ a r.d
phase 10 be ohscn'NI o\'l'r« lillill' 11'1II1"'raI1lTl' illl'·r\'al. A Tl~illll nf slow lIInl...·1I1ar
(a6j al alllbicn1 p~ure, lIolh tltl' p;1·1 au.lllw I... Ilha:;c' WI'n' fUllI,,1 lu I"·uwla,,tahl.·
with ~p1.'C1 to the cry!!lallille ph"S!.·,
III I)I'PC the Ili/fl'rI'llf(' ill St.·llsilivily to [Jrl"'Slln' llr LI ... \"ilriulls pllil"" I.rallsiliuliS
lr:l1tls 10 Ilw Obst.·f\'l1lioll of II 111l1l11",r uf 11"1\' I'h:.".os 1,ll·I.·\·nl ...l I'rl·!<SIIl·.·. TIn' .. r.l·s·
11I1Iilll' (1,<) phase I'Ill!! shuwll 10 IH' dHIT1n'l,·ti~.'·ll hy I·,·f.\· "IHII" 1I1l>1"nil;II' 11.1"1I;lll1il·S
111111 alllllOliolls ill till' X phmw II'NI' 1>r1ll'lifll\ly frm"·II. ~ll·IHSII,llilil..ruf I,hl' ['III'.... ·"
IIdj1\CClit to the !lollndll!"i!'!'! or tile (f,<) lIl1tlllll' X plws,os 11'11" "uj4!;I",II"l. Wlwil ,'11111, ..1
liquid crystalline (/'"lllhils(', A 111'1\' filsle'r IIwl.ho,1 fllr "hll,illinv; l, nyslallill" (/•• 1
phase oy isothl'rlllal d,~oJIIl'r(:!<...ioll Wil.~ pmll(IS('C1.
I\dclilioll of chol('l<lerollo till' I)I'PC lIl<'H1hr:ltl" was "how II I.. Ulli.lilJ· tIll' hi·
layr:r '!\"('11 at 11fC!(..'ilitell ilS l1iV;h as ;!.:! kllilr. Th.· hi~1i pff'!i....Urt· "hilS!.' 1"·!tllvi,,nf lOr
28.5 mul %cholcsleroljl)PPC mixlure W~!t 'Il..... ·rilll'll\ illl I. nllltilll1l1l1S dumP." [rllll1
A li'l"id on[o:'l1'Il to A gel lIliaS(', No imlkatitlll o( plIllSi' S!'II<1r;Ili"lI lIr .ltJlll.. ru fUf'
\I1nlion Wil5 f01l1ld. Cholt~lt!ml wall fOllndln n'lllll;lI ill tl", lIililY"f l'w'n lit ;!.Z kl>l'f,
CholC!llcrol was ,,150 foulld lo ''OlIlIII''l,·ly pn'\'l'nl llll' forll1illiou "f II hrJ,\1J I'f........llr..
i1l1enligitatt:<:1 gel (I,;).
TIllS work provi(k'll I'1dulIhll' inforrllllti"l1 <J1I tIll' Ill'I",Sllm 1,,·lwviulir "f pllusl'h"
lipids, as well 1IS new illsi~llls iuto 11 r1ll1ulml' of lhdl' Ml1hil'ut pn'SSIlf/' prop"rLi"lI
from the perspective of 1I11flllll'r l,hetll101IYl1iUuil' tlinll~u!tilJlI. It JilY.~ I.lw f'!lIurlilti"ll
fOI' future stlldil~s of \'ilfiOllS lYI)C~ <If soft Ilwl.(~ril,ls llll,1 ill l'ilIti"III;,r 111I'11I111'1111"
lipid5, their diffusiou prullcrlif:s IIml lipi,I-lil'i.1 illltllipi.I-I"'lIl.'in inl.<·rllr.li'JIIs.
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